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SUMMARY 


The  study  reported  in  \Nater  Development  in  the 
Tongue  and  Powder  River  Basins  concluded  ttiat 
legislative  action  is  urgently  needed  if  safe  water 
storage  on  the  Tongue  River  is  to  be  developed. 
Specifically  the  report  concludes  that: 


1)  Because  the  existing  Tongue  River  Dam 
would  fail  during  a  probable  maximum  flood, 
causing  catastrophic  damage  and  possible 
loss  of  life  downstream,  it  is  necessary  to 
either  build  the  New  Tongue  Dam,  construct 
the  High  Tongue  Dam,  or  breach  the  present 
Tongue  River  Dam. 


2)  Sufficient  information  concerning  storage 
alternatives  is  not  available  at  this  time  for 
the  State  of  Montana  to  choose  a  course  of 
action  that  represents  the  best  interest  of 
Montanans.  A  two-year  study,  costing 
$690,000  is  essential  to  enable  DNRC  to 
identify  a  preferred  alternative  for  the  State 
of  Montana  and  to  lay  the  groundwork  for  the 
Forty-Seventh  Montana  Legislature  to  take 
direct  action  towards  developing  additional 
water  supplies  from  the  Tongue  River. 


The  Tongue  River  Dam  is  unsafe,  primarily 
because  the  spillway  is  too  small  to  pass  large 
floods.  If  the  spillway  is  to  be  enlarged  and  the  dam 
made  safe,  then  additional  storage  must  be  provided 
and  marketed  to  repay  construction  costs.  Industrial 
customers  must  be  secured  for  a  portion  of  the  addi- 
tional water,  since  irrigators  have  the  capability  to 
repay  only  a  small  part  of  the  total  construction 
costs. 

Although  providing  additional  storage  on  the 
Tongue  River  is  the  most  attractive  alternative, 
breaching  the  present  Tongue  River  Dam  must  be 
viewed  as  a  serious  alternative  because  of  its  unsafe 
condition.  A  breaching  alternative  could  be  perma- 
nent or  temporary.  Temporary  breaching  could  be  a 
preliminary  step  to  additional  storage  on  the  Tongue 
River  while  preventing  the  possibility  of  a 
catastrophe.  Additional  detailed  studies  in  the  next 
two  years  are  recommended  so  that  DNRC  can 
evaluate  each  water  supply  alternative  and  recom- 
mend direct  action  to  the  Forty-Seventh  legislature 
session. 

This  study  was  performed  by  the  Department  of 
Natural  Resources  and  Conservation  in  response  to 
House  Joint  Resolution  22  passed  by  the  Forty-fifth 
Legislature. 


WATER  MARKETING 


A  comparison  of  the  costs  of  purchasing  and 
delivering  Tongue  River  water  to  various  points  in 
southeastern  Montana  with  the  costs  of  competitive 
water  sources  indicates  that  there  is  a  definite 
region  for  which  water  from  a  Tongue  River  reservoir 
could  be  marketed.  Figure  4  on  page  25  shows  the 
area  included  in  the  Tongue  River  market  area.  There 
are  a  number  of  strippable  coal  deposits  within  the 
Tongue  River  market  area,  indicating  that  there  may 
be  potential  industrial  buyers  for  Tongue  River 
water. 


A  number  of  industrial  companies  were  inter- 
viewed regarding  their  interest  in  purchasing  water 
from  a  reservoir  on  the  Tongue  River.  Eight  com- 
panies expressed  interest  in  purchasing  water 
although  each  emphasized  the  tentativeness  of  its 
development  plans  in  Montana.  Energy  development 
projections  indicate  that  coal-related  industry  may 
demand  water  in  the  Tongue  River  market  area  by  the 
year  2000.  However,  the  litigation  over  Colstrip  3  and 
4,  the  uncertain  economic  feasibility  of  coal  gasifica- 
tion and  liquefaction  technologies,  and  the  ban  on 
coal  slurry  pipelines  cast  doubt  on  the  accuracy  of 
such  projections. 


JOINT  STUDY  POSSIBILITIES 


Discussions  with  Northern  Cheyenne  tribal  of- 
ficials revealed  that  the  tribe  is  Interested  in  pursu- 
ing joint  studies  with  the  State  of  Montana  that  may 
lead  to  development  of  additional  water  storage  on 
the  Tongue  River.  Significantly,  the  Northern 
Cheyenne  tribe  prefers,  as  does  DNRC,  to  develop 
Tongue  River  water  without  first  quantifying  and  ad- 
judicating Indian,  state  and  private  water  rights. 

While  only  a  very  small  portion  of  the  Tongue 
River  basin  lies  in  the  Crow  Indian  Reservation,  that 
tribe  has  indicated  an  interest  in  joint  studies  of 
Tongue  River  water  development. 

Any  legislation  directing  this  department  to 
study  water  supply  alternatives  in  more  detail  would 
logically  include  a  directive  to  cooperate  with  the 
tribes  in  such  a  study. 


Neither  Montana  nor  Wyoming  are,  at  this  time, 
interested  in  joint  studies  of  water  development  pro- 
jects in  the  Powder  River  basin.  Water  quality 
degradation  due  to  significant  increases  in  irrigation 
in  that  basin  may  adversely  affect  existing  irrigators. 
In  addition,  all  unappropriated  Powder  River  water 
will  probably  be  developed  by  a  private  industrial 
company.  For  these  reasons.  DNRC  recommends 
that  state  involvement  in  Powder  River  water  supply 
projects  not  be  considered  further. 

A  number  of  potential  reservoir  sites  in  the 
Tongue  River  basin  were  discussed  with  Wyoming 
state  officials.  The  reservoir  sites  in  Montana,  either 
at  the  existing  dam  or  downstream,  could  be 
beneficial  to  both  states,  while  the  sites  in  Wyoming 
are  less  attractive.  Wyoming  wishes  to  be  involved  in 
any  further  Tongue  River  water  development  studies. 


WATER  QUALITY 


Significant  increases  in  irrigation  along  the 
Powder  River  could  degrade  water  quality  to  the 
detriment  of  existing  irrigators.  Consequently,  large 
water  development  for  irrigation  use  should  not  be 
pursued. 


Additional  water  development  in  the  Tongue 
River  basin  for  irrigation  and  industrial  water  use 
would  not  significantly  affect  water  quality  in  the 
Tongue  River.  Infrequently,  water  quality  may  be 
lowered  to  a  level  that  would  require  irrigators  to  use 
special  management  practices  on  their  lands. 


VI 


I.      INTRODUCTION 


In  1977,  the  Forty-fifth  Montana  Legislature 
passed  House  Joint  Resolution  22  (HJR  22)  directing 
the  Department  of  Natural  Resources  and  Conserva- 
tion (DNRC)  to: 

1)  discuss  with  representatives  of  the  State  of 
Wyoming,  the  Crow  tribe,  and  the  Northern 
Cheyenne  tribe  the  possibility  of  jointly 
studying  water  supply  projects  in  the  Tongue 
and  Powder  river  basins; 

2)  investigate  water  quality  and  salinity  in  the 
two  basins;  and 

3)  investigate  water  marketing  potential  in  the 
two  basins. 

The  results  of  these  discussions  and  investigations 
subsequently  conducted  by  DNRC  are  presented  in 
this  report. 

The  Tongue  River  Dam,  which  was  completed  in 
1940  and  is  still  the  only  major  reservoir  in 
Montana's  portion  of  the  two  basins,  needs  exten- 
sive repairs.  The  spillway  is  in  poor  condition  and  the 
reservoir's  stilling  pool  is  inadequate.  Even  if  the 
spillway  were  in  good  condition,  it  is  too  small  to 
pass  the  probable  maximum  flood.  Such  a  flood 
would  overtop  the  dam  and  cause  nearly  instan- 
taneous failure.  Such  a  failure  would  destroy  much 
property  and  could  destroy  human  lives.  Hence,  the 
risk  presented  by  the  dam  is  unacceptably  high.  The 
need  to  repair  the  dam  has  spurred  an  interest  in 
other  projects  in  the  Tongue  River  basin. 


Since  the  1880  s,  irrigators  in  the  Tongue  and 
Powder  river  basins,  which  are  shown  in  figure  1, 
have  continued  to  demand  increasing  amounts  of 
water,  and  municipalities  have  come  to  make  small 
but  noticeable  water  demands.  It  appears,  however, 
that  industry  may  make  the  largest  demands  in  the 
future.  Recent  pressure  to  develop  southeastern 
Montana's  coal  reserves  may  result  in  an  energy- 
related  industry  that  would  put  increasing  demands 
on  the  water  supply  in  the  Tongue  and  Powder  river 
basins.  Any  additional  demand  in  the  Tongue  River 
basin  combined  with  current  water  uses  would  re- 
quire additional  storage.  The  most  economical  way 
to  supply  firm  additional  water  in  the  basin  would  be 
water  storage.  Additional  storage  would  reduce  the 
possibility  of  encroachment  on  the  supplies  of 
senior  appropriators  by  providing  new  water  users, 
such  as  industrial  companies,  the  water  they  would 
need. 

Approximately  450,000  acre-feet  of  storage 
would  be  necessary  to  fully  develop  Montana's  share 
of  the  water  of  the  Tongue  River  as  allocated  by  the 
Yellowstone  River  Compact.  DNRC  has  received 
from  the  Board  of  Natural  Resources  and  Conserva- 
tion (Board)  a  water  reservation  for  future  develop- 
ment in  a  new  or  enlarged  Tongue  River  storage 
facility  that  could  increase  the  firm  annual  yield  from 
42,000  to  100,000  acre-feet.  DNRC  estimated  that  it 
would  market  about  half  of  this  increased  yield  to  ir- 
rigators and  the  rest  to  industry. 
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FIGURE  1 
TONGUE  AND  POWDER  RIVER  BASINS 
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II.      UOINT  STUDIES 


The  Tongue  River  forms  the  eastern  boundary  of 
the  Northern  Cheyenne  Indian  Reservation,  and  the 
Crow  Indian  Reservation  includes  small  portions  of 
that  river's  basin.  Many  of  the  questions  concerning 
adjudication  of  the  quantity  and  use  of  reserved 
tribal  rights  to  Tongue  River  water  are  currently  be- 
ing litigated. 


Because  the  Tongue  and  Powder  river  basins  lie 
in  both  Montana  and  Wyoming,  the  two  states  share 
the  water  supplied  by  these  two  rivers.  DNRC  in- 
vestigated the  possibility  of  jointly  studying  the 
basins  to  determine  whether  development  of  the 
water  in  either  of  these  basins  is  possible. 


NORTHERN  CHEYENNE  AND  CROW  TRIBES 


Because  of  the  proximity  of  the  Northern 
Cheyenne  Indian  Reservation  to  the  Tongue  River 
and  the  reserved  water  rights  claimed  by  the  Nor- 
thern Cheyenne  Tribe,  the  tribe  is  interested  in  how 
water  development  would  affect  the  tribe's  supply  of 
Tongue  River  water. 

The  doctrine  of  Indian  reserved  rights  began 
with  a  decision  handed  down  by  the  United  States 
Supreme  Court  in  the  Winters  Case  of  1908.  The 
Winters  Doctrine,  as  it  has  been  developed  over  the 
years,  holds  that  when  the  Indian  tribes  ceded  their 
lands  to  the  United  States,  setting  aside  reserva- 
tions water  was  also  reserved.  The  quantity  of  the 
reserved  rights,  is  in  dispute,  although  some  courts 
have  measured  the  rights  according  to  the  irrigable 
acreage  on  the  reservations.  Additionally,  a  reserved 
right  does  not  depend  on  the  water  actually  being  us- 
ed, and  therefore  would  be  available  for  future  as 
well  as  present  needs.  Whether  a  tribe  could  use  a 
reserved  water  right  for  purposes  not  contemplated 
at  the  time  the  reservation  was  established  is 
another  legal  question. 

These  questions  are  being  addressed  in  three 
lawsuits  pending  in  Federal  District  Court  in 
Billings.  Two  of  the  suits  were  brought  by  the  United 
States  on  their  own  behalf  and  on  behalf  of  the  Crow 
and  Northern  Cheyenne  Indian  tribes  for  an  adjudica- 
tion in  the  Tongue  River,  Rosebud  Creek  and  other 
basins.  Several  thousand  private  water  users  and  a 
number  of  state  agencies  have  been  named  as 
defendants  in  the  three  suits. 

These  cases  have  not  gone  to  trial  because  of 
the  motions  for  dismissal  before  the  court  filed  by 


the  State  of  Montana  and  most  of  the  water  users. 
These  motions  argue  that  under  the  1973  Montana 
Water  Use  Act  and  federal  court  cases,  such  deci- 
sions should  be  made  in  state  district  courts.  It  is 
likely  that  these  cases  will  remain  undecided  for 
some  time. 

DNRC  officials  met  with  Northern  Cheyenne 
Tribal  Council  members  and  discussed  the  problems 
and  possibilities  for  joint  development  of  Tongue 
River  water.  The  chairman  of  the  council  indicated 
the  tribe  was  interested  in  pursuing  the  common 
goal  of  water  development  on  the  Tongue  River  and 
felt  that  a  partnership  arrangement  between  the 
state  and  tribe  should  be  explored.  Both  parties 
agreed  that  an  evaluation  of  the  alternatives  for 
development  must  be  completed  prior  to  endorse- 
ment of  a  specific  project  by  the  state  or  tribe.  The 
Northern  Cheyenne  Indian  Tribal  Council  chairman 
supports  a  two-year  study  designed  to  test  the 
economic  feasibility  and  environmental  acceptabili- 
ty of  alternative  reservoirs  on  the  Tongue  River.  He 
was  particularly  interested  in  involving  personnel  of 
the  Northern  Cheyenne  Research  Project  in  such  a 
study. 

Significantly,  both  the  state  and  the  tribe  feel 
that  water  rights  quantification  and  jurisdictional 
issues  and  conflicts  must  be  disregarded  if  a  project 
is  to  be  cooperatively  developed  within  the  next  ten 
to  fifteen  years. 

DNRC  also  met  with  the  Crow  tribe.  The  tribe  ex- 
pressed support  of  joint  studies  of  development  in 
the  Tongue  River  basin. 


WYOMING 


Under  the  terms  of  the  Yellowstone  River  Com- 
pact, the  states  of   f\/Iontana  and  Wyoming  each 
received  an  allocation  of  the  water  of  the  Tongue  and 
Powder  rivers  that  had  remained  unappropriated  by 
1950.  This  allocation  gave  60  percent  of  the  unap- 
propriated water  of  the  Tongue  River,  and  58  percent 
of  the  unappropriated  water  of  the  Powder  River  to 
Montana.  The  compact  also  included  provisions  for 
projects  constructed  in  one  or  both  states  where 
both  states  have  an  interest  in  the  project.  In  other 
words,  the  State  of  Montana  may  acquire  lands  and 
easements,  and  construct  and  operate  projects  in 
Wyoming,    to    develop     Montana's    allocation    of 
Tongue  or  Powder  river  water.  Wyoming  could  par- 
ticipate in  a  project  to  develop  portions  of  its  alloca- 
tion as  long  as  it  would  bear  its  share  of  the  costs.  If 
the  State  of  Montana  were  to  develop  such  a  project, 
it  would  be  subject  to  Wyoming's  water  law,  and 
codes  for  construction,  operation,  and  maintenance. 
The  State  of  Wyoming  would  also  be  allowed  to 
develop  water  in  Montana.  In  either  case,  adjudica- 
tion of  the  appropriation  would  be  decided  in  the 
state    where    the    water   would    be    diverted.    The 
Yellowstone    River    Compact    Commission    would 
determine  how  much  of  Montana's  share  of  compact 
water  would  be  involved  in  a  project. 

Wyoming  officials  have  met  with  DNRC  and 
discussed  the  possibility  of  studying  water  storage 
projects  jointly.  The  meeting  consisted  of  a  discus- 
sion on  the  advantages  and  disadvantages  of 
developing  water  storage.  Twenty-one  potential  or 
existing  reservoir  projects  identified  as  future  poten- 
tial water  supply  sources  in  the  Tongue  and  Powder 
river  basins  were  also  considered.  Summary  descrip- 
tions of  the  individual  sites  can  be  found  in  appendix 
A.  Figure  2  shows  the  locations  of  those  sites. 

The  Wyoming  State  Engineer's  Office  an- 
ticipates no  immediate  need  for  state-owned  water 
development,  but  the  office  is  interested  in  joining 
DNRC  to  study  possible  water  development  in  the 
two  basins.  Although  the  1975  Water  Development 
Act  of  Wyoming  created  the  authority  to  develop 
state-owned  and  state-operated  projects,  Wyoming 
has  not  yet  developed  a  water  project.  The  source  of 
funding  for  such  projects  would  be  provided  through 
federal  programs  or  direct  appropriation  from  the 
Wyoming  legislature.  Wyoming  has  no  mechanism 
for  financing  a  water  project  through  the  sale  of 
bonds  as  does  Montana.  If  a  private  firm  can  meet 
the  public  need  and  the  state's  specifications  in 
building  a  water  project,  the  state  allows  the  firm  to 
construct  the  project. 

All  of  the  sites  on  the  Tongue  River  In  Wyoming 
have  problems  that  prevent  them  from  receiving 
serious  consideration  at  this  time.  Although  the 


power  of  eminent  domain  is  available  to  both  states 
to  acquire  lands  that  would  be  inundated  by  a  reser- 
voir, this  prerogative  cannot  be  exercised  on  federal 
land.  Because  several  sites  in  the  upper  Tongue 
River  basin  would  inundate  federal  land  ad- 
ministered by  the  U.S.  Forest  Service,  development 
of  most  of  those  sites  would  require  negotiations 
with  that  agency.  Wyoming  officials  also  believe 
that,  because  of  environmental  issues,  it  would  be 
difficult  to  gain  the  endorsement  of  the  U.S.  Forest 
Service  and  environmental  interest  groups.  The  sites 
on  the  Tongue  River  with  the  most  promise  are  the 
New  Tongue  and  the  High  Tongue  sites  in  Montana. 

Neither  DNRC  nor  the  Wyoming  State 
Engineer's  Office  is  currently  interested  in  develop- 
ing any  of  the  five  projects  that  have  been  identified 
in  the  Powder  River  basin.  At  one  time,  DNRC  did 
submit  an  application  to  reserve  water  for  a  multipur- 
pose reservoir  on  the  Powder  River  diverted  by  a  dam 
near  Moorhead,  Montana,  and  extending  into 
Wyoming.  Powder  River  water,  although  low  in  quali- 
ty, can  be  used  to  irrigate  crops  successfully  during 
most  years  if  careful  management  practices  are 
used.  A  multipurpose  reservoir  would  store  enough 
water  that  extensive  acreages  could  be  irrigated 
along  the  river.  However,  DNRC  analysis  has  deter- 
mined that  this  new  irrigation  would  cause  a  drastic 
increase  in  the  salinity  of  the  Powder  River's  water 
and  seriously  jeopardize  the  productivity  of  the 
lands  currently  irrigated.  A  minor  increase  in  salinity 
would  also  be  caused  by  reservoir  evaporation.  This 
water  quality  degradation  would  be  an  unacceptable 
consequence  of  constructing  a  storage  reservoir  on 
the  Powder  River.  An  alternative  to  a  multipurpose 
reservoir  would  be  a  reservoir  constructed  for  in- 
dustrial use  exclusively,  which  might  not  cause  any 
significant  water  quality  degradation.  The  state, 
however,  prefers  to  construct  multipurpose  reser- 
voirs. Therefore,  the  DNRC  withdrew  its  water  reser- 
vation application  on  the  Powder  River. 

Only  one  project  in  the  Powder  River  basin,  the 
Hole-in-the  Wall  project  near  Kaycee,  Wyoming,  may 
be  built  in  the  near  future. 

In  summary,  all  of  the  potential  water  storage 
sites  in  Wyoming  have  problems  that  prevent  them 
from  being  seriously  pursued  by  either  state.  The 
most  attractive  alternative  is  development  at  one  of 
the  sites  near  the  Tongue  River  Dam.  Wyoming 
shares  an  interest  in  these  alternatives  because 
either  of  the  projects  would  back  water  into 
Wyoming  and  could  possibly  be  used  to  develop 
some  of  Wyoming's  share  of  Yellowstone  River 
Compact  water. 

At  this  time,  Wyoming  officials  support  the 
study  of  the  two  alternatives  to  Tongue  River  Reser- 
voir. 
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III.      WATER  QUALITY 


A  few  general  indicators  will  give  an  overview  of 
the  water  quality  and  its  effects  on  water  uses  in 
Montana's  portion  of  the  Tongue  and  Powder  river 
basins. 

Total  dissolved  solids  (TDS)  can  be  used  to 
measure  the  salinity  of  water.  TDS  is  a  water  quality 
paranneter  which  is  expected  to  change  with  chang- 
ing streamflows  and  increased  irrigation  return 
flows.  The  usefulness  of  water  at  different  TDS 
levels  depends  on  the  conditions  under  which  the 
water  is  used.  For  example,  the  usefulness  of  irriga- 
tion water  varies  with  the  physical  and  chemical  pro- 
perties of  the  soil  as  well  as  with  the  tolerance  of  the 
crop.  Because  of  the  variability  of  conditions  af- 
fected by  TDS  levels,  it  is  difficult  to  make  standard 
guidelines  for  water  use.  Nevertheless,  table  1  offers 
salinity  hazard  guides  for  irrigation  based  on  TDS 
concentrations. 


There  is  no  absolute  upper  limit  in  TDS  for  water 
used  as  a  domestic  supply,  but  the  U.S.  Public 
Health  Service  (1962)  recommends  that  waters  with 
TDS  in  excess  of  500  mg/1  not  be  used  for  drinking  if 
other,  more  potable  supplies  are  available.  High  TDS 
concentrations  can  cause  scale  formations  inside 
industrial  pipes  if  heat  is  present. 

Another  useful  water  quality  parameter  is 
sodium  adsorption  ratio  (SAR),  which  is  a  measure  of 
the  sodium  ion  concentration  in  water.  A  high  SAR  in 
irrigation  water  causes  closure  of  soil  pores  which 
prevents  adequate  water  infiltration  in  silty  and 
clayey  soils.  SAR  valves  are  usually  significant  for  ir- 
rigation use  only. 

High  concentrations  of  suspended  sediments 
may  cause  clogging  problems  with  sprinkler  irriga- 
tion systems  and  industrial  pipelines.  Filtration 
plants  can  remove  suspended  sediments  from 
municipal  water  supplies. 


TABLE  1. 
SALINITY  HAZARD  FOR  IRRIGATION  WATER. 


TDS,  mg/1  Salinity  Hazard 

700  Low;  water  suitable  for  most  plants  under  most  conditions. 

700-1,000  Medium;  suitable  for  tolerant  and  semi-tolerant  plants 

(e.g.  barley,  sugar  beets,  wheat,  oats,  corn). 

1,000-2,500  High;  unsuitable  for  most  crops  unless  careful  management 

is  employed. 

2,500  Severe;  unsuitable  under  most  conditions. 


Source:  USDA  1969 


TONGUE  RIVER 


Generally,  the  Tongue  River  has  good  water 
quality.  While  the  water  quality  varies  along  the  river, 
there  are  few  limitations  on  the  use  of  the  water. 

The  water  quality  upstream  from  the  Tongue 
River  Reservoir  is  good.  The  main  source  of  water  is 
rain  and  snowmelt  in  the  Bighorn  Mountains,  and  ir- 
rigation return  flows  do  not  significantly  degrade 
this  water.  The  City  of  Sheridan,  Wyoming,  however, 
seriously  pollutes  Goose  Greek,  a  tributary  of  the 
Tongue  River.  Sheridan's  sewage  treatment  system 
has  been  described  as  an  overloaded  secondary 
treatment  facility  and,  because  of  its  inadequacy, 
much  of  the  city's  effluent  enters  Goose  Creek  un- 
treated. The  city  is  currently  studying  the  alter- 
natives available  to  update  their  facilities  (Wagner 
1978). 

The  only  major  pollution  problem  in  the  Tongue 
River  below  the  reservoir  is  a  critically  low  level  of 
dissolved  oxygen.  The  Montana  Department  of  Fish 
and  Game  (DFG)  plants  rainbow  and  brown  trout  just 
below  the  dam,  and  several  other  game  species  are 
found  throughout  the  river.  Because  critically  low 
levels  of  dissolved  oxygen  make  this  fishery 
marginal,  stocking  rainbow  trout  is  necessary  to 
maintain  that  population. 

At  the  Tongue  River  Reservoir,  levels  of  TDS 
average  454  mg/1  (USGS  1977)  and  have  been  recor- 
ded as  high  as  617  mg/1.  There  may  be  some  occa- 
sional hardness  or  taste  problems  associated  with 
using  this  water  for  drinking.  Water  quality,  however, 
does  not  restrict  water  use  this  far  upstream.  For  a 
comprehensive  list  of  water  quality  data  on  the 
Tongue  River,  see  appendix  B. 

As  the  river  flows  northward  toward  its  con- 
fluence with  the  Yellowstone  River,  tributaries  and 
return  flows  from  irrigation  contribute  water  having 
large  amounts  of  dissolved  solids  which  degrade  the 
quality  of  the  river's  water.  The  average  TDS  at  Miles 
City  is  563  mg/1.  The  highest  reading  on  record  is 
912  mg/1.  Because  high  TDS  concentrations  seldom 
occur,  they  may  occassionally  cause  annoying  water 
hardness  problems.  The  563  mg/1  average  is  slightly 
higher  than  the  standard  recommended  by  the  U.S. 
Public  Health  Service,  but  normal  treatment  would 
make  this  water  acceptable  for  drinking  purposes. 

Water  quality  does  not  restrict  the  use  of 
Tongue  River  water  for  agriculture.  As  indicted  in 
table  1,  water  containing  TDS  concentrations  below 
700  mg/1  does  not  have  a  significant  salinity  hazard. 


If  the  New  Tongue  Dam  were  built,  about  30,000 
acre-feet  of  water  could  be  available  to  irrigate  ap- 
proximately 13,000  acres  of  new  lands.  In  order  to 
understand  how  such  an  increase  would  affect  the 
quality  of  water  in  the  river,  projections  of  salinity 
were  simulated  using  DNRC's  computer  model. 
Levels  of  TDS  in  median  flows  would  increase  from 
454  mg/1  to  538  mg/1.  During  low  flow  months,  levels 
of  TDS  would  exceed  1,000  mg/1.  TDS  concentra- 
tions, one  year  out  of  ten  would  average  over  1200 
mg/1  and,  for  several  low  flow  months  would  exceed 
1400  mg/1  (DNRC  1976).  At  these  projected  concen- 
trations, salinity  may  infrequently  limit  irrigation 
since  any  water  having  levels  of  TDS  over  1,000  mg/1 
has  a  salinity  hazard  which  is  unsuitable  for  most 
crops  unless  costly  management  practices  are  used. 

The  SAR  of  water  in  the  Tongue  River  is  general- 
ly less  than  three,  far  too  low  to  limit  irrigation  with 
or  without  a  new  Tongue  Dam. 

Suspended  sediment  loads  increase  sharply  as 
the  Tongue  River  flows  from  the  dam  and  Miles  City. 
Because  the  reservoir  provides  a  place  for 
sediments  to  settle,  the  suspended  sediment  load 
just  below  the  dam  is  minute,  measuring  between  6 
and  50  mg/1.  By  the  time  the  river  reaches  Miles  City 
it  has  gouged  sediments  from  the  banks  and  the 
river  bed,  raising  turbidity  from  9  to  4,360  mg/1  (see 
appendix  B).  Although  tributaries  have  higher  pro- 
portions of  suspended  sediments,  the  contribution 
to  the  total  suspended  sediment  levels  of  the  river 
from  tributaries  is  small  because  the  total  flow  of 
these  tributries  is  small  in  comparison  to  the 
average  flow  of  the  main  stem.  The  average  TDS  con- 
centrations are  21  mg/1  at  the  Tongue  River  Reser- 
voir to  541  mg/1  at  Miles  City.  Some  maintenance 
problem  to  sprinkler  irrigation  systems  or  other 
pipelines  may  occur  if  water  is  used  during  periods 
when  sediment  concentrations  are  at  their  highest. 

Some  problems  may  be  encountered  if  Tongue 
River  water  is  used  for  industrial  purposes.  The 
water  has  enough  bicarbonate  to  cause  scale  forma- 
tion on  some  power  generation  equipment. 

While  there  are  some  minor  water  quality  pro- 
blems in  the  Tongue  River,  they  present  few  restric- 
tions on  water  use.  A  new  or  expanded  Tongue  River 
Dam  may  pose  some  occasional  use  limitations  on 
irrigated  agriculture  because  of  increased  salinity. 
No  other  water  use  problems  are  anticipated  from 
such  a  project. 
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POWDER  RIVER 


The  Powder  River  is  naturally  saline,  exhibiting 
average  TDS  concentrations  of  greater  than  1300 
mg/1,  with  September  extremes  as  high  as  3500 
mg/1.  Clear  Creek  in  Wyoming  dilutes  the  Powder 
River  and  prevents  the  river  from  having  an  even 
higher  average  TDS  concentration.  The  water  quality 
of  the  Powder  River  also  suffers  from  large  amounts 
of  suspended  sediments  that  are  a  result  of  the 
basin's  erodible  sedimentary  rock.  Mean  turbidity, 
which  is  measured  with  Jackson  turbidity  units, 
measures  590  JTU  at  Moorhead  but  rises  to  800  JTU 
as  the  river  flows  to  Locate.  More  specific  informa- 
tion about  Powder  River  water  quality  is  tabulated  in 
appendix  B. 

The  poor  water  quality  and  high  seasonal  water 
temperatures  impose  severe  limitations  on  aquatic 
life.  Poor  light  penetration  leads  to  low  productivity 


of  aquatic  invertebrates.  The  only  game  fish  found  in 
the  river  are  shovelnose  sturgeon  and  channel  cat- 
fish. 

Although  a  reservoir,  such  as  the  proposed 
Moorhead  reservoir,  would  reduce  the  turbidity  of 
the  Powder  River  immediately  below  the  dam,  the  ad- 
ditional irrigation  and  subsequent  irrigation  return 
flows  would  seriously  degrade  the  river's  water 
quality,  according  to  the  computer  model.  The  in- 
creased proportion  of  return  flows  may  raise  the  river 
salinity  so  much  that,  in  one  year  out  of  ten,  the 
water  may  be  unusable  for  the  entire  irrigation 
season.  The  largest  portion  of  the  TDS  concentra- 
tion of  the  Powder  River  is  sodium  and  bicarbonate 
salt-forming  ions.  The  salinity  of  the  water  and  the 
salinity  of  the  soil  in  the  basin  sometimes  requires 
ranchers  and  farmers  to  stop  irrigating  with  Powder 
River  water. 


IV.      EXISTING  SITUATION  OF  THE  PRESENT 

TONGUE  RIVER  DAM 


Although  DNRC  has  investigated  twenty-one 
projects  in  the  Tongue  and  Powder  river  basins, 
either  the  New  Tongue  Dam  or  the  High  Tongue  Dam 
appears  to  be  the  best  project  to  build.  For  this 
reason  the  rest  of  this  report  will  concentrate  on 
these  alternatives  on  the  Tongue  River. 

The  Tongue  River  Dam  was  completed  in  1940. 
The  reservoir  has  a  capacity  of  70,000  acre-feet  and  a 
firm  annual  yield  of  42,000  acre-feet.  The  Tongue 
River  Water  Users  Association  (Association) 
operates  the  reservoir  to  provide  35,900  acre-feet  of 
irrigation  water  which  is  used  on  18,600  acres  in 
Rosebud,  Big  Horn  and  Custer  counties.  In  addition 
to  the  Association,  irrigation  water  is  purchased  by 
the  Bureau  of  Indian  Affairs  and  the  U.S.  Fish  and 
Wildlife  Service  buys  water  for  use  in  a  fish  hatchery. 
The  Montana  Power  Company  has  an  option  for 
4,000  acre-feet,  and  the  Decker  Coal  Company  has  a 
contract  for  175  acre-feet. 

The  reservoir  also  provides  substantial  flood 
control  benefits  for  Birney,  Ashland,  Miles  City  and 
the  landowners  along  the  river.  During  the  record 
floods  last  spring,  the  dam  reduced  the  downstream 
flood  peak  from  an  estimated  20,000  cubic  feet  per 
second  (cfs)  to  about  11,000  cfs. 

The  dam  has  been  classified  by  the  U.S.  Army 
Corps  of  Engineers  as  a  high  hazard  dam  because  a 
dam  failure  would  cause  catastrophic  damage  on 
populated  areas  downstream.  The  spillway  is 
underdesigned  and  is  not  capable  of  passing  the 
probable  maximum  flood,  which  is  a  basic  safety 
criterion  for  a  high  hazard  dam. 

A  probable  maximum  flood  is  defined  as  the 
flood  that  may  be  expected  from  the  most  severe 


combination  of  critical  meteorological  and 
hydrologic  conditions  that  are  reasonably  possible 
in  the  region.  Several  floods  of  this  magnitude  have 
occurred  along  the  east  slope  of  the  Northern 
Rockies  in  recent  years.  The  1964  flood  in  the 
Glacier  National  Park  area  was  one  of  these  floods, 
as  was  the  Thompson  Canyon  flood  in  Colorado.  The 
Tongue  River  experienced  a  very  large  flood  in  the 
mid  1920s,  which  was  about  half  of  the  probable 
maximum  flood.  This  flood  would  have  caused  the 
Tongue  River  Dam  to  fail  had  it  been  there  at  that 
time. 

The  present  project  may  be  able  to  pass  a  flood 
of  one-fourth  of  the  probable  maximum  flood 
without  failure,  but  severe  damage  to  the  spillway 
would  result.  In  spring,  1978,  an  unusually  large 
rainstorm  and  the  flooding  in  southeastern  Montana 
produced  record  flows  into  the  reservoir  which  did 
considerable  damage  to  the  spillway.  A  report  by 
Northern  Testing  Laboratories  contracted  by  DNRC 
presented  alternatives  for  repairing  the  damage  to 
the  dam.  These  repairs,  whose  cost  estimates  are 
about  $500,000,  would  only  restore  the  dam  to  its 
previous  inadequate  condition  and  would  not  make 
the  dam  any  less  susceptible  to  failure  than  before 
the  recent  flooding. 

In  1978,  DNRC  filed  an  application  for  a  water 
reservation  on  essentially  all  unappropriated  water 
in  the  Tongue  River  with  the  Board  of  Natural 
Resources  and  Conservation  who  adopted  the  ap- 
plication. The  application  estimated  that  29,250  acre- 
feet  of  the  additional  firm  annual  yield  would  be 
allocated  for  irrigation  and  28,750  acre-feet  would  be 
available  for  industrial  use. 


FINANCIAL  STATUS 


The  present  dam  on  the  Tongue  River  was 
financed  by  federal  grants  and  the  sale  of  state  and 
federal  bonds.  All  revenue  comes  from  the  contracts 
for  the  sale  of  water.  These  contracts  are  classified 
as  water  purchase  contracts,  repayment  contracts, 
or  outright  sales. 


Most  of  the  water  purchase  contracts  are  with 
members  of  the  Association.  Most  water  purchase 
contracts  are  three-party  agreements  between  the 
individual  water  user,  the  Association,  and  DNRC. 
They  define  the  conditions  of  water  delivery  to  the 
water  user  and  the  terms  of  payment  for  the  water. 
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The  amount  paid  by  each  water  user  is  proportionate 
to  the  amount  of  water  received,  and  consists  of  a 
principal  payment,  which  is  applied  toward  repay- 
ment of  the  state's  debt,  and  an  operation  and 
maintenance  payment,  which  is  used  by  the  water 
user's  association  for  operation  and  maintenance  of 
the  project. 

Each  water  purchase  contract  is  for  a  forty-year 
term.  When  the  forty-year  contract  is  paid  off,  the 
purchasers  can  continue  to  use  the  same  amount  of 
water  as  the  original  contract  stated,  if  they  continue 
to  pay  the  operation  and  maintenance  charge. 

In  March  of  1969,  the  Montana  Water  Resources 
Board,  predecessor  to  the  Board  of  Natural 
Resources  and  Conservation,  signed  an  additional 
contract  with  the  Association.  The  contract  stated 
that  as  of  1969,  thirty-two  years  after  stored  water 
was  made  available  for  distribution  by  the  Associa- 
tion, unsold  water  remained  available  to  the  Associa- 
tion at  the  price  of  $1.30  per  acre-foot.  The  contract 
gave  the  Association  three  years  to  market  the  re- 
maining water  at  $1.30  per  acre-foot.  At  the  end  of 
three  years,  unsold  water  would  be  offered  by  the 
state  to  industrial  interests  and  the  Association 
could  purchase  more  only  after  the  industrial  offer- 
ing had  been  available  for  a  reasonable  length  of 
time  and  only  at  a  higher  price  of  $2.50  per  acre-foot. 


The  Association  was  unable  to  market  the  unsold 
water  and  subsequently  an  option  for  4.175  acre-feet 
for  industrial  use  was  purchased  by  the  Montana 
Power  Company,  175  acre-feet  of  which  have  been 
transferred  to  the  Decker  Coal  Company.  It  is 
estimated  that  about  2,000  acre-feet  may  remain  for 
sale  in  the  Tongue  River  Reservoir.  These  2,000  acre- 
feet  have  not  been  sold  because  it  is  uncertain 
whether  the  reservoir  could  actually  yield  42,000 
acre-feet  during  a  long  drought. 

Repayment  contracts  commit  the  Association 
to  repay  the  state  for  costs  of  making  major  repairs 
to  the  dam. 

Contracts  for  outright  sales  include  the  option 
contract  with  the  Montana  Power  Company  and  an 
agreement  with  the  Tongue  and  Yellowstone  Irriga- 
tion District.  The  Montana  Power  Company  originally 
signed  an  option  contract  for  4,175  acre-feet  that 
calls  for  annual  option  payments  of  $1.83  per  acre- 
foot  to  preserve  the  right  to  purchase  the  quantity  at 
$25  per  acre-foot.  The  contract  was  recently 
renegotiated  to  include  the  Decker  Coal  Company 
and  the  Montana  Power  Company's  quantity  under 
contract  was  reduced  to  4,000  acre-feet. 

Table  2  lists  1978  revenue  to  DNRC  from  the 
sale  of  stored  water  from  the  reservoir. 


TABLE  2. 
1978  INCOME  FROM  THE  TONGUE  RIVER  RESERVOIR. 


Water  Purchase  Contracts 
Repayment  Contracts 


1978  Revenue 

$26,764.40 
4,086.40 


Outright  Sales 

Montana  Power  Company 
Tongue-Yellowstone  Irrigation  District 


7,500.00 
6,877.00 


TOTAL 

SOURCE:  Unpublished  DNRC  records. 


$45,227.81 
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V.      ALTERNATIVES  TO  PRESENT 

OPERATIONS 


Table  3  lists  the  principal  alternatives  available 
to  the  State  of  Montana  for  storage  on  the  Tongue 
River. 


Repairing  the  existing  dam  would  consist  of 
modifying  the  dam's  spillway  and  outlet  works  so 
that  it  could  accommodate  the  maximum  probable 
flood.  A  maximum  probable  flood  would,  otherwise, 
cause  the  present  dam  to  fail. 

The  New  Tongue  Dam,  which  would  be  con- 
structed at  the  site  of  the  present  Tongue  River  Dam, 
would  cost  14  percent  more  than  merely  repairing 
the  present  Tongue  River  Dam.  At  full  pool,  elevation 
of  3,465  feet,  the  reservoir  behind  the  New  Tongue 
Dam  would  extend  into  Wyoming  and  flood  some 
coal-mining  operations  and  numerous  coal  leases.  If 
the  State  of  Montana  were  to  take  this  option,  the 
state  would  either  have  to  buy  the  coal  leases  and 
mining  operations,  or  wait  to  fill  the  reservoir  until 
the  coal  were  mined,  which  may  take  about  thirty 
years. 


The  High  Tongue  Dam  site  is  seven  miles 
downstream  from  the  existing  Tongue  River  Dam. 
This  alternative  would  probably  not  have  the  land- 
right  and  coal-lease  problems  of  the  New  Tongue 
Dam,  but  it  would  cost  almost  twice  as  much  to  build 
as  the  New  Tongue  Dam.  No  investigation  of  land 
ownership  and  coal  leases  has  been  done  on  the 
reservoir  area  of  the  High  Tongue  Dam  so  the  extent 
of  such  problems  there  are  not  known. 

The  breaching  alternative  would  cost  about 
$2,000,000  and  would  eliminate  the  irrigation,  flood 
control,  fishery  and  recreation  benefits  provided  by 
the  present  dam.  Studies  required  prior  to  breaching 
include  preliminary  engineering  work,  an  en- 
vironmental impact  statement,  and  a  legal  review  of 
the  state's  obligations  under  the  present  water  pur- 
chase contracts. 

If  the  dam  were  to  be  breached  permanently,  all 
of  the  present  dam  must  be  removed  in  order  to  pre- 
vent damage  downstream.  During  flood  flows,  any 
remaining  part  of  the  dam  could  be  washed  away  on- 


TABLE  3. 
TONGUE  RIVER  ALTERNATIVES.* 

Alternative 

Storage 

elevation 

(feet  above 

sea  level) 

Initial  cost 

($) 

Firm  annual 
yield  (acre- 
feet/year) 

Increase  in 
firm  annual 
yield  (acre- 
feet/year) 

Repair  the 
existing  dam 

3424.4  feet 

30,112,000 

42,000 

-0- 

New  Tongue  Dam 

3465 

33,890,000 

100,000 

58,000 

High  Tongue  Dam 

3438 

63,501,000 

100,000 

58,000 

Breach  the 
existing  dam 

2,000,000 

-0- 

-42,000 

'The  cost  estimates  in  this  table  have  not  been  updated  to  account  for  inflation  and  include  only  the  direct  engineering  costs.  They  are 
useful  only  for  understanding  the  relative  attractiveness  of  the  principal  alternatives. 
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ly  to  be  deposited  randomly  along  the  river,  and  then 
moved  again  in  the  next  flood.  This  in  turn  would 
cause  other  major  changes  in  the  channel  below  the 
dam.  A  substantial  amount  of  reclamation  work 
would  be  needed  at  the  dam  site,  the  spoil  areas,  the 
spillway,  the  reservoir,  and  the  river  channel  through 
the  reservoir. 

The  cost  of  breaching  the  dam  would  be  for 
earth  removal  and  reclamation.  The  costs  of 
breaching  would  be  lower  if  a  new  dam  were  to  be 
built  later  on  the  same  site,  because  fill  materials 
would  not  have  to  be  permanently  removed  and  gra- 
ded to  the  standards  that  would  apply  if  the  dam 


were  permanently  breached.  Breaching  would  raise 
the  costs  of  rebuilding  a  new  dam  on  the  existing 
site  because  the  fill  materials  moved  from  the  ex- 
isting dam  would  have  to  be  moved  back  for  the  new 
dam. 

Numerous  combinations  of  these  alternatives 
would  be  available.  These  include  building  the  High 
Tongue  Dam  followed  by  breaching  the  present 
Tongue  River  Dam,  breaching  the  present  Tongue 
River  Dam  and  building  the  New  Tongue  Dam,  or  just 
building  the  New  Tongue  Dam.  Schedules  for  filling 
a  new  reservoir  could  be  planned  to  accommodate 
mining  either  under  or  near  the  present  reservoir. 


ECONOMIC  AND  FINANCIAL  ANALYSIS  OF  THE  NEW  TONGUE  DAM 


In  1977  a  benefit/cost  analysis  was  completed 
on  the  New  Tongue  Dam  using  1976  cost  estimates. 
Benefit/cost  analyses  for  other  alternatives  are  not 
available. 

Before  that,  however,  it  may  be  helpful  to  clarify 
what  is  meant  by  economic  analysis  and  by  financial 
analysis.  In  making  the  distinction,  it  is  useful  to 
identify  the  benefits  brought  by  a  project  as  either 
reimbursable  benefits  or  non-reimbursable  benefits. 
Reimbursable  benefits  are  those  benefits  that  can 
be  marketed  to  produce  revenue  to  defray  project 
costs.  Such  benefits  might  include  irrigation  water, 
industrial  water,  or  hydropower.  Non-reimbursable 
benefits,  on  the  other  hand,  are  not  marketed,  and 
are  not  connected  to  a  financial  transaction.  These 
benefits  include  flood  control,  recreation,  fish  and 
wildlife  conservation,  and  land  conservation. 

Economic  analysis  considers  all  costs  and 
benefits  associated  with  a  project  regardless  of 
whether  financial  transactions  can  be  identified  with 
them;  in  short,  it  determines  what  the  project  is 
worth  to  society.  Economic  analysis  discounts 
future  benefits  at  a  rate  which  represents  the  oppor- 
tunity cost  of  the  project's  funds  to  society. 

Financial  analysis  focuses  on  the  narrower  sub- 
jects of  the  money  required  to  create  the  project  and 
the  revenues  of  the  reimbursable  benefits.  Financial 
analysis  discounts  future  revenues  at  the  interest 
rate  of  the  revenue  bonds  which  raised  the  funds  for 
the  project. 


ECONOMIC  ANALYSIS 


TABLE  4. 

BENEFIT/COST  ANALYSIS  OF  THE 

NEW  TONGUE  RIVER  DAM. 


BENEFITS 

Irrigation 

$1,062,230 

Municipal 

0 

Industrial 

1,716,524 

Flood  control 

91,904 

Recreation 

100,000 

Fish  and  wildlife  conservation 

100,000 

In-stream  flow  maintenance 

- 

Water  quality 

- 

Land  conservation 

40,422 

Power 

510,900 

TOTAL  ANNUAL  BENEFITS 

$3,622,000 

COSTS 

Installation  cost 

Interest  during  construction 

TOTAL  PROJECT  COST 

Amortization  factor 
Annual  equivalent  value 

ROUNDED 


$49,235,000 
5,000,390 

$54,235,390 

X    .06678 
$  3,621,839 

$  3,622,000 


The  benefits  and  costs  in  the  economic  analysis 
of  the  New  Tongue  Dam  are  summarized  in  table  4. 
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DNRC  assumed  that  either  the  New  Tongue 
Dam  would  be  built  on  top  of  the  Tongue  River  Dam 
or  that  the  Tongue  River  Dam  would  be  breached. 
Assuming  that,  DNRC  counted  irrigation  benefits  for 
both  expanded  irrigation  and  present  irrigation  that 
uses  water  stored  in  the  present  Tongue  River  Reser- 
voir. Using  farm  budgets,  DNRC  then  calculated  that 
the  conversion  of  non-irrigated  land  to  irrigated  land 
would  increase  farm  profits  if  the  irrigator  could  buy 
water  for  less  than  $17.25  an  acre-foot.  Using  the 
$17.25  figure  and  the  amount  of  water  that  would  be 
used  for  irrigation,  DNRC  then  determined  the  value 
of  irrigation  benefits. 

The  industrial  benefits  for  the  New  Tongue  Dam 
were  calculated  by  assuming  that  industrial 
customers  would  pay  $52.25  per  acre-foot  for  all  of 
the  28,750  acre-feet  allocated  for  industrial  use.  In 
the  absence  of  detailed  information  on  the  value  of 
stored  water  to  industrial  customers,  a  value  of 
$52.50  per  acre-foot  was  assumed  because  at  that 
value,  annual  benefits  would  exactly  equal  annual 
costs.  The  potential  market  for  industrial  water  in- 
cluded sales  to  electric-generating  plants,  gasifica- 
tion and  liquefaction  plants  and  for  coal  slurry,  if  it 
were  authorized.  Power  benefits  were  calculated  by 
multiplying  the  6,000  kilowatt  nameplate  capacity  of 
the  generator  by  a  value  of  $86.15  per  kilowatt. 

FINANCIAL  ANALYSIS 

Project  Costs 

Financial  analysis  for  the  New  Tongue  Dam 
centered  on  whether  revenue  from  the  reimbursable 
project  purposes  could  repay  project  costs.  The  only 
reimbursable  benefits  would  be  irrigation  water,  in- 
dustrial water,  and  hydropower.  Annual  revenue  from 


existing  users  is  less  than  1  percent  of  the  annual 
costs  of  the  New  Tongue  Dam,  and  they  clearly 
could  not  afford  to  pay  the  costs  of  repairing  the  pre- 
sent dam  to  ensure  a  supply  of  water  in  the  future. 
Existing  users  would  have  an  assured  supply  from  a 
safe  dam  only  if  a  larger  reservoir  were  built  and  the 
additional  yield  could  be  sold  at  prices  high  enough 
to  pay  for  most  of  the  costs  of  constructing  a  new 
dam. 

The  annual  costs  of  building  the  New  Tongue 
Dam  are  estimated  to  be  $6,561,000,  using  a  7  per- 
cent discount  value.  This  is  calculated  in  table  5. 

Operation,  maintenance  and  repair  costs  are 
estimated  to  be  0.5  percent  of  construction  costs 
and  come  to  $272,000,  annually.  Total  annual  costs 
are  the  sum  of  the  annual  value  of  all  costs  before 
filling  is  complete  (the  sum  in  table  5)  and  the  opera- 
tion, maintenance  and  repair  costs,  which  would  be 
$272,000. 

Sources  of  Funds 

Such  a  project  construction  may  be  financed  by 
the  sale  of  revenue  bonds.  A  revenue  bond  is  a  pro- 
missory note  committing  the  issuer  (borrower)  to 
repay  the  face  value  on  the  bond  at  the  end  of  the 
specified  time.  The  issuer  is  obligated  to  make  semi- 
annual interest  payments  to  bond  holders  and  to 
repay  the  face  value  when  the  bond  becomes  due. 
Revenue  bonds  are  supported  only  by  a  pledge  of 
project  revenues.  Repayment  on  revenue  bonds  sold 
to  raise  the  dam,  termed  bond  service,  would  only  be 
certain  after  contracts  were  signed  for  the  sale  of 
project  water  to  industrial  users  and  irrigators  and 
the  sale  of  hydropower.  The  interest  rate  on  revenue 
bonds  is  likely  to  be  between  6V2  percent  to  7  per- 
cent depending  on  the  security  of  the  contracts  and 
market  conditions. 


TABLE  5. 
COSTS  OF  EXPANDING  THE  TONGUE  RIVER  RESERVOIR. 


Construction  costs 

Interest  during  construction 
Construction  costs  at  completion 


$54,405,000 

6,324,000 

$60,729,000 


ADD:  Interest  on  construction  costs  during 
filling 

OM&R*  during  filling  ($244,000 

X  5  years) 
Interest  on.QM&R*  during  filling 

Total  costs  at  completion  of  filling 

Amortization  factor;  7%,  50  years 
Annual  cost  equivalent 


$24,446,600 

1,360,000 
258,000 


$26,064,600 

$86,793,600 

X  .072460 

$  6,289,064 


'Operation,  maintenance,  and  repair 
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The  ratio  of  annual  pledged  benefits  to  annual 
bond  service  is  called  the  coverage  ratio.  A  coverage 
ratio  of  one  and  a  half  times  the  annual  bond  service 
is  sonnetinnes  necessary.  If  this  is  the  case,  project 
revenues  guaranteed  by  a  contract  nnust  be  one  and 
a  half  times  annual  project  costs  before  the  bonds 
would  be  marketable.  The  surplus  revenue  above 
bond  service  requirements  w/ould  ultimately  be 
available  for  other  uses,  although  initially  it  may  be 
necessary  to  place  some  of  this  surplus  revenue  in  a 
sinking  fund  to  guarantee  later  bond  service 
payments. 

The  project  could  also  be  financed  by  the  sale 
of  general  obligation  bonds  instead  of  revenue 
bonds.  General  obligation  bonds  carry  a  lower  in- 
terest rate  because  bondholders  are  guaranteed 
repayments  from  general  tax  revenues  if  the  project 
revenues  are  not  sufficient  to  repay  the  bonds.  The 
major  disadvantage  of  general  obligation  bonds  is 
that  taxpayers  rather  than  bondholders  suffer  the 
losses  if  revenues  are  inadequate. 

Federal  grants  may  be  available  to  defray  part  of 
the  construction  costs.  State  grants  may  also  be 
available.  A  thorough  evaluation  of  alternate  finan- 
cing methods  would  investigate  these  potential 
sources  of  grants. 

Table  6  is  a  schedule  of  the  milestones  in  the 
financial  life  of  a  New  Tongue  Dam. 

This  schedule  assumes  that  bonds  have  a  thirty- 
year  life  and  are  not  sold  until  the  environmental  im- 
pact statement  was  completed  and  construction  ac- 
tivities ready  to  begin.  With  this  schedule,  revenue 
would  not  begin  until  nine  years  after  the  bonds 
were  sold  and  five  years  after  the  dam  was  com- 
pleted. Only  twenty-one  years  would  remain  for  the 
project  to  generate  revenue  sufficient  to  pay  off  the 
construction  costs.  The  estimate  of  annual  costs 
presented  earlier  are  the  costs  of  the  project  when 
amortized  over  a  fifty-year  life  after  the  expanded 
reservoir  was  full.  However,  the  financial  schedule  in 


table  6  leaves  only  twenty-one  years  from  the  time 
the  reservoir  was  filled  until  the  bonds  would  have  to 
be  paid  off.  In  order  to  receive  the  value  of  revenue 
from  the  entire  fifty-year  life  of  the  project  in  the  first 
twenty-one  years  of  operation,  payments  on  con- 
tracts would  probably  be  refinanced.  Purchasers  of 
industrial  water  could  agree  to  pay  early  on  long- 
term  contracts  in  order  to  secure  a  discount.  Other 
refinancing  possibilities  are  also  possible.  These 
considerations  may  increase  the  minimum 
necessary  prices  slightly  but  are  not  expected  to 
alter  the  analysis  significantly. 

Potential  Revenue 

Contracts  for  the  sale  of  hydropower  would  pro- 
bably be  the  most  easily  marketable  of  project  out- 
puts. A  six  megawatt  plant  operating  at  a  50  percent 
capacity  factor  would  have  an  average  output  of 
3,000  kilowatts  and  produce  26,280,000  kilowatt- 
hours  each  year.  At  12  mills  revenue  would  be 
$315,360.  At  a  price  of  25  mills,  hydropower  sales 
would  earn  $657,000  per  year.  At  40  mills, 
hydropower  sales  would  earn  $1,051,200  each  year. 
At  present,  25  mills  is  the  most  likely  estimate  of 
electrical  prices. 

Existing  contracts  for  the  sale  or  option  of  water 
earned  about  $45,000  in  1978  and  in  the  future  this 
can  be  expected  to  increase  to  $138,000  annually  if 
the  Montana  Power  Company  exercises  its  option  to 
purchase  4,000  acre-feet  at  $25  per  acre-foot.  The 
revenue  from  new  contracts  for  the  sale  of  29,250 
acre-feet  of  additional  irrigation  water  could  range 
from  $73,125  annually,  if  it  were  sold  at  $2.50  per 
acre-foot,  to  $292,500  if  it  were  sold  at  $10.00  per 
acre-foot.  The  difficulty  encountered  in  1964  by 
DNRC  in  selling  the  remaining  yield  at  $1.30  per 
acre-foot  suggests  that  $2.50  is  the  highest  plausible 
price  that  can  be  expected  from  these  sales. 

Table  7  lists  in  the  third  column  the  revenue  that 
is  expected  to  be  available  in  the  future  from  ex- 
isting contracts  and  the  sale  of  irrigation  water  and 
hydropower  at  alternative  prices. 


TABLE  6. 
FINANCIAL  SCHEDULE. 


Project  milestone 


Completion  at  end 
of  project  year 


Environmental  impact  statement  completion/bonds  sold 

Completion  of  the  dam 

Reservoir  filling  completed/sale/revenue  begins 

Bonds  are  paid  off 

50th  anniversary  of  operation/end  of  financial  life 


2 

6 

11 

32 

61 
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TABLE  7. 

REVENUES  FROM  ALTERNATIVE  COMBINATIONS  OF  IRRIGATION  WATER  PRICES, 

ELECTRICITY  PRICES  AND  ASSOCIATED  DEFICITS. 


Minimum  price 

Electricity 

Existing  contracts 

of  industrial 

Irrigation  water 

(mills/ 

irrigation  and 

Annual  deficit 

water 

($/acre-foot) 

kilowatt-hour) 

electrical  revenue 

($/year) 

($/acre-feet) 

2.50 

12 

526,300 

6,034,700 

210 

2.50 

25 

867,900 

5,693,100 

198 

2.50 

40 

1,262,100 

5,298,900 

184 

5.00 

12 

599,400 

5,961,600 

207 

5.00 

25 

941,000 

5,620,000 

195 

5.00 

40 

1,335,300 

5,225,700 

182 

10.00 

12 

745,700 

5,815,300 

202 

10.00 

25 

1,087,300 

5,473,700 

190 

10.00 

40 

1,481,500 

5,079,500 

177 

The  column  labelled  "Annual  deficit"  lists  the 
difference  between  annual  project  costs  and 
revenues  from  hydropower  and  irrigation  water 
sales.  This  difference  is  the  annual  revenue  that 
would  have  to  be  earned  annually  from  industrial 
sales  if  the  project  were  to  be  financially  feasible. 
The  column  labelled  "Minimum  price  of  industrial 
water"  shows  the  price  per  acre-foot  that  must  be 
earned  on  all  industrial  sales  given  the  specified 
prices  of  irrigation  sales  and  electricity  and  existing 
sales.  The  minimum  prices  in  the  last  column  are  the 
prices  that  make  the  sum  of  annual  industrial 
revenues  and  all  other  project  revenues  just  equal  to 
annual  project  costs. 

The  analysis  in  table  7  assumes  that  existing  ir- 
rigators would  continue  to  get  water  at  $1.30  per 
acre-foot,  while  13,000  acres  of  new  irrigation  would 
be  developed  at  water  prices  of  at  least  $2.50  an 
acre-foot.  The  analysis  also  assumes  that  all  of  the 
additional  irrigation  water  could  be  sold  and  earning 


revenue  in  the  first  year  after  the  expanded  reservoir 
was  filled.  Likewise,  the  minimum  industrial  prices 
were  calculated  on  the  assumption  that  28,750  acre- 
feet  would  be  sold  at  those  prices  every  year  after 
the  reservoir  was  filled.  If  either  industrial  or  irriga- 
tion sales  would  develop  gradually,  the  project 
would  not  recover  its  costs  unless  prices  were 
higher. 

Sales  of  industrial  water  would  have  to  earn 
from  $5,079,500  per  year  to  $6,034,700  annually  given 
these  plausible  ranges  of  revenue  from  other 
sources.  Industrial  sales  would  have  to  earn  be- 
tween 76  percent  and  92  percent  of  all  project 
revenues  if  the  project  were  to  be  financially  feasi- 
ble. 

The  minimum  market  price  for  industrial  water 
would  be  less  if  more  water  were  sold  to  industrial 
customers  and  less  to  irrigators.  Table  8  lists  the 
minimum  necessary  industrial  prices  for  alternative 
allocations  of  reservoir  capacity  between  industry 
and  irrigators. 


TABLE  8. 
INDUSTRIAL  PRICES  AT  ALTERNATIVE  RESERVOIR  ALLOCATIONS. 


Minimum  price  on 

Acre-feet  of 

Acre-feet  for 

new  industrial 

Acre-feet  of 

new  agricultural 

existing 

contracts 

industrial  water 

water 

contracts 

($/acre-foot) 

28,750 

29,250 

40,000 

198 

35,000 

23,000 

40,000 

163 

45,000 

13,000 

40,000 

127 

58,000 

0 

40,000 

99 

100,000 

0 

0 

59 
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The  analysis  in  table  8  assumes  (1)  hydropower 
would  sell  at  25  mills  per  kilowatt-hour,  thus  earning 
$657,000  annually;  (2)  all  new  irrigation  contracts 
would  earn  $2.50  per  acre-foot;  and  (3)  except  for  the 
final  row,  revenue  from  existing  contracts  would 
earn  $138,000  annually  and  take  40,000  acre-feet 
each  year. 

The  minimum  necessary  prices  in  table  8  were 
calculated  on  the  assumption  that  the  entire  firm  an- 
nual yield  of  a  100,000  acre-foot  reservoir  would  be 
sold  as  soon  as  it  were  full  and  that  revenues  would 
be  constant  for  the  fifty-year  life  of  the  project.  The 
minimum  prices  would  be  much  higher  if  there  were 
a  substantial  lag  between  the  completion  of  reser- 


voir filling  and  sale  of  the  entire  yield.  The  entire 
yield  of  the  present  reservoir  was  not  sold  until  over 
thirty  years  after  completion  of  the  project  in  1940. 

Tables  7  and  8  indicate  clearly  that  project 
revenues  would  be  able  to  repay  the  project  costs 
only  if  a  substantial  portion  of  the  increased  yield 
were  sold  to  industrial  users  at  a  price  much  higher 
than  irrigators  would  be  able  to  pay.  The  key  to  a 
financially  successful  project  is  the  existence  of  an 
industrial  market  that  will  generate  enough  revenue 
to  repay  almost  all  project  costs.  A  financial  evalua- 
tion of  a  large  reservoir  must  focus  on  the  potential 
revenue  from  industrial  developments  in  the  region. 
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VI.      EVALUATION  OF  THE  TONGUE  RIVER 

INDUSTRIAL  MARKET 


An  evaluation  of  the  potential  revenue  from  in- 
dustrial sales  must  consider  the  marKet  area  and  the 
value  of  water  to  industry  within  that  market  area. 

A  market  area  for  stored  water  is  the  region  in 
which  water  from  a  reservoir  can  be  provided  at  a 
lower  cost  than  water  from  any  alternative  source. 
This  means  that  all  customers  within  the  market  area 
purchase  their  water  from  the  reservoir  because  it  is 
where  they  can  get  water  at  the  least  cost.  The  cost 
of  water  to  customers  is  the  sum  of  the  storage 
charge  plus  the  delivery  cost.  Delivery  costs  are  the 
costs  of  building  and  maintaining  an  aqueduct  to 
move  water  from  the  reservoir  or  river  to  the  point  of 
use.  The  border  of  a  market  area  is  defined  by  a  line 
where  water  costs  (storage  charge  plus  delivery 
costs)  are  equal  from  both  sources.  This  identifies 
the  border  because  for  all  points  within  the  border, 
water  is  cheaper  from  one  source  than  from  an  alter- 
native source.  The  area  on  the  other  side  can  be  serv- 
ed at  a  lower  cost  from  the  alternative  source. 

The  size  of  the  market  area  depends  on  the  base 
price  or  storage  charge  from  the  reservoir  and  from 
alternative  sources.  An  increase  in  the  base  prices 


raises  delivered  costs  and  will  reduce  the  market 
area  while  a  decrease  will  increase  the  size  of  the 
market  area.  High  base  prices  are  likely  to  reduce 
sales  by  reducing  the  size  of  the  market  area  and  in- 
creasing the  incentives  for  water-conservation 
technologies.  Thus  high  prices  bring  lower  sales 
potential  and  lower  prices  increase  the  surplus.  The 
purpose  of  the  marketing  study  is  to  evaluate  the 
likelihood  that  there  is  some  combination  of  storage 
charges  and  sales  volumes  that  will  produce  enough 
revenue  to  repay  project  costs. 

The  market  area  for  a  reservoir  is  estimated  by 
calculating  delivery  costs  to  different  points  on  a 
map  and  calculating  the  total  delivered  costs  to 
these  points  from  the  reservoir  and  the  alternative 
source.  Delivery  costs  are  shown  on  the  map  by 
identifying  isocost  lines.  An  isocost  line  identifies 
all  locations  that  have  equal  delivery  costs.  Total 
delivered  costs  for  any  point  on  an  isocost  line  are 
easily  calculated  by  adding  the  base  price  to  the 
delivery  costs  on  that  isocost  line.  By  calculating 
these  total  delivered  costs  from  the  reservoir  and 
alternative  sources  the  border  of  the  market  area  can 
be  plotted  and  the  market  area  is  defined. 


COMPETING  SOURCES 


Water  from  Bighorn  Lake,  water  appropriated  by 
permit  from  the  Yellowstone  River,  water  stored  on 
the  Powder  River,  and  ground  water  would  compete 
with  water  from  a  Tongue  River  reservoir.  Storage  is 
generally  required  for  an  industrial  water  supply 
because  a  highly  reliable  supply  is  essential  and  a 
water  right  would  only  provide  a  reliable  supply  if 
senior  right  holders  from  that  source  would  never  be 
able  to  appropriate  the  entire  stream. 

The  Powder  River  has  highly  variable  seasonal 
and  annual  fluctuations.  Existing  appropriations 
have  dried  up  the  Powder  River  during  some  sum- 
mers. A  reliable  supply  of  additional  water  could  on- 
ly be  obtained  from- the  Powder  River  if  storage  were 


provided.  There  are  two  proposals  for  reservoirs  in 
the  Powder  River  basin.  Utah  International  Inc.  has 
requested  a  right  to  divert  water  in  Montana  and 
store  it  in  an  off-stream  reservoir  on  Fence  Creek  in 
Wyoming.  The  reservoir  would  have  a  firm  annual 
yield  of  40,000  acre-feet  and  the  proposed  use  is  a 
coal  gasification  complex  in  Montana.  The  Intake 
Water  Company,  a  subsidiary  of  Tenneco  Corpora- 
tion, has  requested  a  permit  to  build  a  dam  on  the 
Powder  River  at  Moorhead  and  market  the  water  for 
industrial  purposes  in  Montana.  The  Intake  Water 
Company's  proposed  reservoir  would  have  a  firm  an- 
nual yield  of  165,000  acre-feet  and  it  is  likely  that  the 
Intake  Water  Company  would  market  this  water  for 
industrial  and  other  purposes. 
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Each  of  these  two  requests  for  permits  would 
preclude  the  other.  The  outcome  of  lawsuits  in 
federal  and  state  courts  will  determine  which  com- 
pany will  receive  the  storage  rights  to  Powder  River 
water.  Utah  International  Inc.  proposes  to  use  the  en- 
tire yield  of  its  reservoir  for  its  own  gasification  pro- 
ject so  no  additional  water  would  be  available  for 
marketing  if  Utah  International  Inc.  were  to  receive 
storage  rights.  If  the  Intake  Water  Company  were 
declared  to  have  sole  storage  rights  on  the  Powder 
River  and  Moorhead  Dam  were  constructed  its  in- 
dustrial water  would  be  available  for  sale  and 
Powder  River  water  would  compete  with  Tongue 
River  water  for  industrial  customers.  It  would  be 
possible  for  the  two  companies  to  cooperate  in  one 
water  project  and  provide  enough  water  for  both  of 
their  planned  industrial  developments. 

The  most  important  competing  source  of  in- 
dustrial water  would  be  stored  water  from  Bighorn 
Lake.  About  500,000  acre-feet  are  available  for  in- 
dustrial purchase.  This  water  is  being  marketed  at 
$20  per  acre-foot  and  could  be  diverted  from  Bighorn 
Lake  or  at  any  point  downstream  on  the  Bighorn  or 
Yellowstone  Rivers. 

Through  a  marketing  arrangement  between  the 
Bureau  of  Reclamation  and  the  State  of  Montana,  the 
state  markets  stored  water  from  Fort  Peck  Reservoir, 
and  a  similar  arrangement  may  be  established  for 
Bighorn  Lake  water.  The  total  purchase  price  would 
be  the  sum  of  $20  an  acre-foot  storage  charge  earned 
by  the  Bureau  of  Reclamation  plus  marketing 
charges  earned  by  the  State  of  Montana.  These 
marketing  charges  could  range  up  to  $20  per  acre- 
foot,  so,  the  total  could  be  $40  an  acre-foot.  Subse- 
quent to  a  sale,  the  Bureau  of  Reclamation  would 
operate  Bighorn  Lake  so  the  diversion  would  have  no 
adverse  impact  on  any  other  water  rights. 

The  Board  of  Natural  Resources  and  Conserva- 
tion has  recently  granted  in-stream  reservations  in 
the  main  stem  of  the  Yellowstone  River.  These  reser- 
vations, which  range  from  20  percentile  to  70  percen- 


tile flows  (a  70  percentile  flow  is  the  flow  exceeded 
seven  years  out  of  ten  on  the  average)  would  prevent 
any  junior  water  right  from  obtaining  a  reliable  supp- 
ly. A  70  percentile  in-stream  flow  means  that  in  three 
years  out  of  ten,  natural  flows  would  be  less  than  the 
in-stream  reservation  and  junior  appropriations 
would  not  be  entitled  to  divert  water.  Due  to  these  in- 
stream  reservations,  the  only  current  reliable  supply 
of  industrial  water  from  the  Yellowstone  River  would 
be  by  purchase  of  stored  water  from  the  Bureau  of 
Reclamation  from  Bighorn  Lake.  However,  the  Board 
has  reserved  water  for  three  off-stream  storage 
reservoirs  which  could  be  used  for  industry. 

The  Madison  aquifer  may  be  a  potential  alter- 
native source  of  industrial  water.  The  Madison 
aquifer  is  a  ground  water  reservoir  about  10,000  feet 
beneath  the  southeastern  Montana  prairie.  Several 
low  yield  wells  take  water  from  this  aquifer,  and  the 
U.S.  Geological  Survey  is  drilling  several  deep  wells 
to  determine  whether  this  aquifer  could  serve  as  a 
source  of  industrial  water.  Current  speculation  is 
that  a  well  being  drilled  near  Huntley  may  yield  over 
1500  gallons  per  minute  (gpm).  It  is  hypothesized 
that  20  to  25  percent  of  southeastern  Montana  may 
have  a  high  yield  potential  (Westech  1977).  A  yield  of 
nearly  10,000  gpm  would  be  required  to  yield  the 
15,000  acre-feet  per  year  needed  for  a  1,000 
megawatt  generating  plant.  A  1975  study  (Swenson 
1975)  estimated  the  cost  for  industrial  water  from  the 
Madison  aquifer  to  range  from  $26  to  $51  per  acre- 
foot,  and  noted  that  these  costs  could  be  off  by  as 
much  as  a  factor  of  two. 

Some  industries  such  as  thermal-electric 
generation,  can  use  water-conservative  technologies 
such  as  dry  cooling  if  water  becomes  too  expensive. 
A  study  by  Harza  Engineering  Co.  (1976)  estimated 
that  at  water  prices  of  above  $450  an  acre-foot  for  a 
baseload  plant,  and  $750  an  acre-foot  for  an  in- 
termediate load  plant,  dry  cooling  would  be  the  least 
costly  option.  A  second  study  done  at  Montana  State 
University  (Stroup  and  Townsend  1976)  concluded 
that  a  cut-off  price  would  be  between  $100  and  $197 
per  acre-foot. 


TONGUE  RESERVOIR  MARKET  AREA 


in  order  to  evaluate  the  market  area  for  in- 
dustrial water  from  an  expanded  Tongue  River  reser- 
voir, DNRC  contracted  with  a  local  engineering  con- 
sulting firm,  Morrison  and  Maierle  Inc.,  to  develop  an 
equation  for  estimating  water  delivery  costs  by 
aqueduct  and  to  map  isocost  lines  for  transport 
costs  from  the  Tongue,  Powder,  Yellowstone  and 
Bighorn  rivers. 


Pipelines,  pumping  plant,  power,  right-of-way 
engineering,  legal,  administrative  and  maintenance 
costs  were  included  in  the  equation  which  relates 
delivery  costs  to  the  length  of  the  pipeline  and  the 
dynamic  head.  All  analysis  was  based  on  a  thirty- 
inch  pipeline  that  delivers  15,000  acre-feet  per  year 
which  is  the  amount  of  water  needed  annually  for  a 
coal-fired  electric  generating  plant  with  a  capacity  of 
1,000  megawatts. 
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Figure  3  shows  the  isocost  lines  derived  from 
this  analysis.  In  addition  to  plotting  the  isocost 
lines,  the  map  identified  the  strippable  coal  deposits 
in  the  region.  It  is  reasonable  to  assume  that  poten- 
tial industrial  customers  would  develop  coal 
resources  by  strip  mining  rather  than  underground 
mining,  and  that  the  coal  conversion  or  generating 
plants  would  be  located  at  the  mine  or  the  load 
center.  Industrial  water  use  would  occur  on  land 
underlain  by  strippable  deposits  that  are  located 
within  the  marketing  area  for  the  Tongue  River  reser- 
voir. 

The  isocost  lines  in  figure  3  are  very  irregular 
due  to  the  rugged  and  varied  terrain  in  southeastern 
Montana.  The  isocost  lines  are  roughly  parallel  to 
the  streams  because  stored  water  can  be  diverted  at 
any  point  downstream  from  the  reservoir. 

The  definition  of  market  areas  is  done  by 
calculating  delivered  costs  (base  price  plus 
aqueduct  costs)  of  water  to  the  strippable  coal 
deposits  from  each  competing  source.  A  deposit  is 
outside  the  Tongue  River  market  area  if,  under  the 
most  favorable  circumstances  (i.e.  a  low  base  price 
for  Tongue  water  and  a  high  base  price  for  water 
from  competing  sources),  the  Tongue  River  is  not 
the  least  costly  source  of  supply.  Conversely,  the 
deposit  is  definitely  within  the  Tongue  River  area  if 
water  from  the  Tongue  River  has  a  lower  delivered 
cost  that  the  competing  sources  under  an  adverse 
combination  of  base  prices  (i.e.  high  Tongue  prices 
and  low  prices  from  competing  sources). 

The  assumptions  that  would  define  the  largest 
plausible  market  area  for  Tongue  River  water  include 
(1)  a  $100  per  acre-foot  base  price  for  Tongue  River 
water;  (2)  a  price  of  $40  per  acre-foot  for  water  from 
the  Bighorn  and  Yellowstone  rivers;  (3)  stored  water 
is  not  available  from  the  Powder  River;  and  (4)  the 
Madison  aquifer  is  not  a  feasible  source  of  reliable 
industrial  water. 

At  a  price  of  $100  per  acre-foot,  the  revenue 
from  the  expanded  Tongue  River  reservoir  would  ex- 
ceed costs  only  if  the  entire  additional  yield  of 
58,000  acre-feet  were  sold  for  industrial  use  im- 
mediately after  the  reservoir  were  filled.  This  ap- 
pears to  be  the  lowest  possible  price  at  which  the 
project  would  be  financially  feasible. 

The  highest  likely  price  for  water  from  Bighorn 
Lake  is  $40  an  acre-foot.  This  price  is  considered  for 
both  the  Bighorn  and  Yellowstone  rivers  because  the 
recent  water  reservation  decision  precludes  a 
reliable  supply  of  water  by  permit  from  other 
sources.  If  the  Intake  Water  Company  were 
prevented  from  building  a  Moorhead  dam  because 
water  reservation  decisions  precluded  any  storage  in 
the  Powder  River  basin  or  because  Utah  Interna- 


tional Inc.  were  granted  priority,  then  stored  water 
would  not  be  marketed  from  the  Powder  River.  Exclu- 
sion of  the  Madison  aquifer  from  both  scenarios  is 
essential  because  its  potential,  while  highly  uncer- 
tain, could  prove  to  be  the  most  economical  source 
of  industrial  water  throughout  the  region. 

The  assumptions  that  produce  the  smallest 
plausible  market  area  are  (1)  a  $200  per  acre-foot 
price  for  Tongue  River  water;  (2)  a  $100  per  acre-foot 
price  for  Powder  River  water;  and  (3)  a  $25  per  acre- 
foot  price  for  water  from  the  Bighorn  and 
Yellowstone  rivers. 

At  a  price  of  $200  per  acre-foot,  an  expanded 
Tongue  reservoir  would  be  feasible  if  both  an  in- 
dustrial allocation  of  28,750  acre-feet  and  an 
agricultural  allocation  of  29,250  acre-feet  were  sold 
by  the  time  the  reservoir  were  full. 

A  $25  per  acre-foot  price  for  Bighorn  water 
assumes  that  the  State  of  Montana  charges  only  an 
additional  $5  per  acre-foot  administrative  fee  above 
the  $20  base  price  for  marketing  the  federal  water. 

Testimony  submitted  at  the  Yellowstone  water 
reservation  hearing,  August  1977  in  Billings  by  Phil 
Gibbs  for  Intake  Water  Company's  proposed 
Moorhead  reservoir.estimated  a  price  of  $46  an  acre- 
foot  for  Powder  River  water.  Since  this  estimate 
does  not  include  supervising,  engineering  or 
maintenance  costs,  or  Wyoming's  share  of  Powder 
River  water  under  the  Yellowstone  River  Compact,  a 
$100  per  acre-foot  price  is  selected  as  reasonable  for 
this  market  evaluation. 

Selection  of  these  two  scenarios  allows  for  a 
classification  of  strippable  deposits  into  three 
categories:  those  that  are  almost  certainly  within  the 
Tongue  market;  those  that  seem  to  be  outside  the 
Tongue  market  area;  and  those  that  may  or  may  not 
be  in  the  market  area.  Figure  4  identifies  these  three 
categories  of  strippable  deposits. 

Figure  4  indicates  that  there  is  a  definite  region 
for  which  Tongue  reservoir  water  could  be  supplied 
at  a  lower  cost  than  could  water  from  any  surface 
water  source.  There  would  also  be  a  definite  region 
where  competing  sources  would  be  cheaper,  and  in- 
dustrial plants  in  these  locations  would  be  unlikely 
customers  of  a  Tongue  reservoir's  water.  The  map 
should  be  used  only  as  a  general  guide  to  the 
regional  marketing  potential  for  the  reservoir.  The 
selection  of  a  plant  location  would  not  be  done 
separately  from  the  selection  of  a  source  of  water 
and  both  these  decisions  would  depend  upon  many 
more  variables  than  the  delivered  cost  of  water  from 
competing  sources.  Institutional  and  environmental 
factors  could  prove  to  be  more  important  deter- 
minants of  plant  location  and  water  supply  than  the 
costs. 
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POTENTIAL  INDUSTRIAL  CUSTOMERS 


The  next  step  in  the  evaluation  of  the  potential 
industrial  customers  is  to  identify  likely  develop- 
ment levels,  and  the  water  use  requirements  of  these 
development  levels,  and  the  factors  that  affect  the 
relative  attractiveness  of  the  Tongue  reservoir 
marketing  area  for  a  plant  location. 


INDUSTRIAL  TECHNOLOGIES 


Coal  slurry  pipeline  processes  would  mix  equal 
proportions  by  weight  of  pulverized  coal  and  water 
prior  to  pumping  the  mixture  to  the  destination. 

Table  9  lists  the  likely  levels  of  water  use  by 
each  type  of  plant.  The  figures  for  gasification  and  li- 
quefaction are  estimates  because  no  such  plants  are 
in  operation. 


The  principal  industrial  uses  for  stored  water  in 
the  region  would  be  for  coal  gasification,  liquefac- 
tion, coal-fired  electric  generation,  and  coal  slurry. 
Both  coal  gasification  and  liquefaction  would  use 
water  as  an  input  into  the  chemical  process  in  addi- 
tion to  consuming  water  for  cooling  purposes. 
Several  different  types  of  technologies  would  be 
available  in  the  production  of  synthetic  natural  gas 
and  syncrude,  and  each  process  would  have  dif- 
ferent water  requirements.  Two  basic  types  of  cool- 
ing methods  would  also  be  available  so  the  water  re- 
quirements for  these  plants  could  vary. 

Coal-fired  generating  plants  use  water  mostly 
for  cooling  purposes.  Three  types  of  cooling  could 
be  used:  once-through  cooling;  evaporative  wet  cool- 
ing; and,  dry  cooling  which  is  similar  to  a  car 
radiator.  Once-through  cooling  would  be  impractical 
unless  plants  were  located  next  to  a  major  stream 
because,  although  the  depletion  would  be  small,  the 
diversion  requirements  would  be  much  higher  than 
for  the  other  methods. 


ECONOMICS  OF  COAL  CONVERSION 
AND  EXPORT 

Another  approach  to  evaluate  the  potential  for 
water-using  coal  conversion  plants  in  the  region  is  to 
review  recent  literature  on  the  economic  and  en- 
vironmental feasibility  of  the  conversion 
technologies. 

A  report  from  the  Montana  Energy  Advisory 
Council  (l\/lcBride  1976)  evaluated  liquefaction 
technologies,  the  economics  of  liquefaction  and  its 
technical  suitability  for  Montana.  The  report  noted 
that  a  100,000  barrel  per  day  plant  would  cost  at  least 
a  billion  dollars.  McBride  summarized  the  results  of 
other  studies  that  estimated  the  cost  of  liquid  fuels 
from  coal.  A  1975  report  from  Stanford  Research  In- 
stitute concluded  that  syncrude  from  coal  would 
cost  $3.45  per  million  British  Thermal  Unit  (BTU).  By 
Comparison,  the  average  cost  of  imported  liquid 
fuels  in  1975  was  $1.90  per  million  BTU's.  Another 


TABLE  9. 
WATER  REQUIREMENTS  FOR  LIKELY  INDUSTRIAL  USE  (ACREFEET/YEAR). 


Plant  type 

Liquefaction 

High  BTU  gasification 

Generation 

Coal  slurry 

Coal  mining 


Plant  capacity 

50,000  bbl/day* 
250  MMCFD** 
1000  megawatts 
10  million  tons 
10  million  tons/yr 


•barrels  per  day 
**million  cubic  feet  per  day 

SOURCES:  U.S.  Department  of  Energy  1978,  Harza  1976. 


High 
Diversion  Depletion 


Water  Use 

Average 

Diversion  Depletion 


26,390              26,390  7,800 

19,154              12,492  11,500 

not  available  15,000 

not  available  7,500 

not  available  200 


Low 
Diversion  Depletion 


6,000     3,998  3,998 

9,806     2,608  2,608 

15,000  not  available 

7,500  not  available 

not  available 
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FIGURE  3 

ANNUAL  WATER 
DELIVERY  COSTS 
PER  ACRE-FOOT 
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STRIPPABLE  COAL  DEPOSITS 


ISOCOST  LINES 

BIGHORN  RIVER 
TONGUE  RIVER 
POWDER  RIVER 
YELLOWSTONE  RIVER 


EXAMPLE 

60 

All  points  on  this  line  can  receive  water  from 
the  Tongue  River  for  an  annual  cost  of  $60 
per  acre-foot. 
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FIGURE  4 

MARKET  AREAS  FOR 
TONGUE  RIVER  WATER 


STRIPPABLE  COAL  DEPOSITS 


RELIABLE  MARKET  AREA 

ASSUMES  THE  FOLLOWING 
ALTERNATIVE  COSTS: 

$200/AF  -  TONGUE  RIVER 
100/AF  •  POWDER  RIVER 
25/AF  -  BIGHORN  RIVER  & 

YELLOWSTONE  RIVER 
MADISON  AQUIFER  NOT  FEASIBLE. 


LARGEST  PLAUSIBLE 
MARKET  AREA 

ASSUMES  THE  FOLLOWING 
ALTERNATIVE  COSTS: 

$100/AF  -  TONGUE  RIVER 
40/AF  ■  BIGHORN  RIVER  & 

YELLOWSTONE  RIVER 
NO  STORED  WATER  AVAILABLE 
FROM  THE  POWDER  RIVER, 
MADISON  AQUIFER  NOT  FEASIBLE. 


WYOMING 


1975  study  produced  cost  estimates  for  syncrude 
which  ranged  from  $13  to  $18  per  barrel.  The  cost  of 
syncrude  from  coal  would  probably  be  about  50  per- 
cent higher  in  1978  due  to  inflation.  No  syncrude 
plants  are  currently  being  planned  because  imported 
crude  oil  is  expected  to  remain  cheaper  than  the 
cost  of  syncrude  from  coal. 

Two  1975  studies  (Stroup  and  Thurman  1975, 
Stroup  and  House  1975)  concluded  that  the  cost  of 
synthetic  natural  gas  would  be  greater  than  natural 
gas  in  the  foreseeable  future,  but  that  regulatory 
subsidies  may  nevertheless  make  gasification  pro- 
fitable for  some  firms.  Stroup  and  Thurman  note  that 
the  initial  flurry  of  gasification  plans  in  1974  were 
subsequently  shelved  or  delayed.  One  plant  is  cur- 
rently being  planned  in  North  Dakota.  Because  about 
ten  years  would  be  required  to  plan  and  construct  a 
gasification  plant  and  none  are  currently  being  plan- 
ned in  Montana,  it  seems  unlikely  that  any  gasifica- 
tion plants  would  be  operating  in  southeastern  Mon- 
tana before  1990. 

The  greatest  share  of  coal  mined  in  the  area 
would  be  used  for  electric  generation  which  could 
be  located  either  at  the  mine  or  the  load  center. 
Several  mine-mouth  plants  have  been  built  recently 
in  the  area,  and  others  are  under  construction. 
Besides  Colstrip  3  and  4,  no  nev^i  plants  are  currently 
scheduled  for  Montana.  Completion  of  the  Colstrip 
plants  could  serve  to  encourage  similar  proposals. 
On  the  other  hand,  if  litigation  were  to  halt  per- 
manently the  Colstrip  plants,  the  development  of 
other  coal-fired  generating  plants  would  be  highly 
uncertain. 

The  production  of  electricity  from  coal-fired 
generation  may  increase.  The  Pacific  Northwest  has 
exhausted  the  potential  for  cheap  hydroelectric 
power.  The  critical  issues  are  whether  generation 
will  occur  at  the  mine  or  load  center,  and  whether 
Montana  would  be  relatively  a  more  or  less  attractive 
region  for  mine-mouth  generation  than  other  areas. 
No  reliable  conclusions  on  these  issues  can  be 
drawn  and  coal-fired  generation  remains  an  uncer- 
tain market. 

Any  coal  conversion  plant  would  create  air 
pollution  problems.  The  proximity  of  the  Northern 
Cheyenne  Indian  Reservation  to  much  of  the  Tongue 
reservoir  marketing  area  may  be  a  significant  deter- 
rent to  plant  locations  in  the  area.  Before  a  large  in- 
vestment were  made  to  develop  industrial  water,  air 
quality  modeling  would  have  to  be  done  to  deter- 
mine whether  a  conversion  plant  could  locate  near 
the  reservoir  without  violating  the  Class  I  air  stan- 
dards on  the  reservation. 

The  Custer  National  Forest  is  close  to  the  east 
side  of  the  Tongue  River.  Environmental  constraints 


could  inhibit  plant  locations  in  this  area  and  the 
market  potential  for  stored  water. 

Considerable  interest  has  been  shown  in  coal 
slurry  pipelines.  Slurry  appears  to  be  an  economical 
means  of  transporting  large  quantities  of  coal  to  dis- 
tant load  centers.  The  use  of  water  for  the  export  of 
coal  slurry  is  presently  illegal  in  Montana.  The 
railroads  are  currently  opposing  proposed  slurry 
pipelines  because  they  fear  that  slurry  could  under- 
cut their  present  monopoly  on  the  long-distance 
transportation  of  coal. 

The  development  of  slurry  pipelines  in  Montana 
would  hinge  on  two  legislative  changes.  The  first 
would  be  a  repeal  of  the  Montana  law  which  states 
that  coal  slurry  is  not  a  beneficial  use  of  water.  The 
second  is  congressional  approval  of  a  law  granting 
eminent  domain  to  slurry  companies.  Both 
measures  have  been  proposed  and  defeated  recent- 
ly. The  sale  of  substantial  quantities  of  water  for  coal 
slurry  seems  likely  if  these  laws  were  changed; 
otherwise,  the  market  potential  is  uncertain. 

PROJECTIONS  OF  ENERGY 
DEVELOPMENT 

Three  major  studies,  the  Northern  Great  Plains 
Resources  Program  Cooperative  Resources  Study 
(NGPRP  1974),  Analysis  of  Energy  Projections  and 
Implications  for  Resource  Requirements  (Harza 
1976),  and  the  Yellowstone  Impact  Study  (DNRC 
1977),  contained  projections  for  energy  development 
and  water  use  in  the  Tongue,  Powder  and  lower 
Yellowstone  river  regions.  These  projections  are 
summarized  below. 

The  NGPRP  study  presented  three  levels  of 
development.  The  base  scenario  projects  one  power 
plant  in  northeastern  Wyoming  and  three  power 
plants  in  the  Tongue-Powder  region  of  Montana. 
Both  the  most  probable  and  the  extensive  develop- 
ment scenarios  also  project  these  four  generation 
plants  as  the  in-region  power  generation  estimate.  In 
addition,  the  most  probable  scenario  projects  five 
gasification  plants  in  northeastern  Wyoming  and 
three  gasification  plants  in  the  Tongue-Powder 
region  of  Montana.  The  extensive  development 
scenario  projects  a  total  of  twenty-four  gasification 
plants;  nine  in  northeastern  Wyoming  and  fourteen 
in  the  Tongue-Powder  region  in  Montana. 

The  Harza  Engineering  Company  prepared  the 
report  Analysis  of  Energy  Projections  and  Implica- 
tions for  Resource  Requirements  in  December  1976 
for  the  Missouri  River  Basin  Commission's 
Yellowstone  River  Basin  and  Adjacent  Coal  Area 
Level  B  Study  (May  1978).  A  linear  programming 
model  was  developed  to  provide  a  basis  for 
forecasting  the  possible  level,  type,  and  location  of 
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future  energy  development  and  associated  resource 
requirements  under  alternative  energy  policies  and 
programs.  Basic  assumptions  for  the  high  scenario 
are  that  institutional,  social  and  environmental 
obstacles  to  long-distance  slurry  lines  would  be 
removed  in  the  near  future;  that  beyond  1990,  rapid 
expansion  of  gasification  will  occur;  and  that  by 
2000,  resource  availability,  environmental  concerns, 
and  social  preferences  would  act  as  the  primary  con- 
straints. 

The  most  probable  scenario  contains  all  the 
assumptions  of  the  high  scenario  except  that  long- 
distance slurrying  is  precluded. 

The  Yellowstone  Impact  Study,  conducted  by 
the  Water  Resources  Division  of  DNRC  and  financed 
by  the  Old  West  Regional  Commission,  was  design- 
ed to  evaluate  the  potential  physical,  biological,  and 
water-use  impacts  of  water  withdrawals  and  water 
development  on  the  middle  and  lower  reaches  of  the 
Yellowstone  River  basin  in  Montana. 

The  study  utilized  the  results  of  the  Northern 
Great  Plains  Resource  Program's  (NGPRP)  National 
Report  and  Regional  Energy  Considerations  Work 
Group  (1974),  the  Montana  University  Coal  Demand 


Study  (MUCDS),  plus  additional  material,  to  project 
four  alternative  futures  for  coal  production  and 
development:  base,  low,  intermediate  and  high. 

The  projections  for  total  water  consumption  by 
energy  production  made  in  the  three  studies  briefly 
discussed  above  are  presented  in  table  10.  Appendix 
C  outlines  more  details  on  the  three  studies  discuss- 
ed above. 

It  is  important  to  note  that  table  10  lists  pro- 
jected depletions,  not  diversions.  The  Harza  study 
and  the  Yellowstone  Impact  Study  estimated  only 
depletions.  Diversions  would  be  greater  than  the 
depletions  and,  of  course,  the  quantity  to  be 
marketed  would  be  the  volume  diverted  and  not  the 
volume  depleted. 


INDUSTRIAL  MARKET  SURVEY 

The  DNRC  contacted  forty-three  industrial  com- 
panies that  might  be  potential  customers.  Eight 
companies  expressed  interest  in  purchasing  stored 
water  from  a  Tongue  River  reservoir.  These  com- 
panies are  shown  in  table  11. 


TABLE  10. 

PROJECTED  WATER  DEPLETIONS  FOR  ENERGY  PRODUCTION  BY  THE  YEAR  2000  IN  THE 

TONGUE-POWDER  AND  LOWER  YELLOWSTONE  REGION  OF  MONTANA  AND  THE 

NORTHEASTERN  REGION  OF  WYOMING.  (ACRE-FEET  PER  YEAR) 

Level  of  Development 
Most  Probable 


Base  (Low) 

(intermediate) 

Extensive  (h 

NGPRP 

Northeastern  Wyoming 

14,100 

64,100 

104,100 

Southeastern  Montana 

42,300 

72,300 

182,300 

TOTAL 

56,400 

136,400 

286,400 

Harza 

Northeastern  Wyoming 

- 

44,115 

92,320 

Southeastern  Montana 

- 

79,430 

218,933 

TOTAL 

• 

123,545 

311,253 

Yellowstone  Impact  Study 
Montana 


47,490 


141,270 


293,040 


SOURCES:  DNRC  1977,  Harza  1976,  and  NGPRP  1974. 
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TABLE  11. 
COMPANIES  INTERESTED  IN  TONGUE  RIVER  WATER  FOR  INDUSTRIAL  USE. 


Earliest  possible         Estimated  water 


Company 

Mobil  Oil  Company 
Western  Energy  Company 


Montana  Power  Company 
Carter  Oil  Company 


Pacific  Power  &  Light 


Basin  Electric 


Texas-Eastern 


Consolidation  Coal 


Consolidation  Coal 


Location  of  coal  leases 

Just  west  of  Birney  (TR) 

Several  leases  south  and  south- 
west of  Colstrip  (YR) 
Just  west  of  Birney  (TR) 
Next  to  Hanging  Woman  Creek 
east  of  Tongue  River  Dam  (TR) 
Several  leases  adjacent  to 
Colstrip  (YR) 

No  leases 

Several  leases  east  and  south 
of  Ashland  (TR) 


Several  leases  between  Kirby  and 
Decker  (YR)  and  (TR) 
Several  leases  north  of  Intake  on 
Thirteen  Mile  Creek  and  Burns 
Creek  (YR) 

Several  leases  west  of  Tongue 
River  Reservoir  on  Spring  Creek 


Two  leases  northwest  of 
Brandenberg  near  Rosebud 
Creek  (YR) 

Several  leases  between  Birney 
and  Ashland  near  the  Tongue 
River 

Several  leases  southeast  of 
Ashland  near  Otter  Creek  (TR) 
Several  leases  south  of  Birney 
near  Hanging  Woman  Creek  (TR) 
Two  leases  near  Otter 
West  of  Colstrip  on  Sarpy  Creek 
Several  leases  east  and  southeast 
of  Roundup  (MR) 


Acres 

Technology 

date  of  production 

use  (acre-feet 

640 

gasification 

late  1980's 

15,000 

7065 
639 

gasification 

1990-2000 

15,000 

640 

1381 

Colstrip  3  &  4 

mid-1980's 

18,000 

2400 

coal-fired 
generation 
gasification 

late  1980's 

10,000  min 

3976 


3160 

2347 

coal-fired 
generation 

after  1985 

15,000-30,000 

coal-fired 

late  1980's 

20,000 

generation 

coal  slurry 

after  1985 

20,000 

pipeline 

1280 

coal  slurry 

mid-1980's 

7,500 

pipeline 

1,000 

coal  mining 

1902 

coal-fired 
generation 

1990-2000 

16,000 

2560 

4720 

1120 

384 

3514 


'Symbols  in  parentheses  stand  for  major  drainages  in  which  the  coal  is  located. 

YR  -  Yellowstone  River 
TR  •  Tongue  River 
MR  -  Musselshell  River 
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The  projects  being  considered  that  would  con- 
sume water  include  coal  gasification,  liquefaction, 
coal-fired  power  generation,  coal  slurry  and  coal 
mining.  Consumptive  water  requirements  for  these 
projects  would  vary  between  1,000  and  30,000  acre- 
feet  annually.  The  sum  of  all  estimated  water  use  re- 
quirements identified  by  company  representatives 
was  between  11 0,000  and  150,000  acre-feet  per  year. 

In  order  to  repay  construction  costs  of  expan- 
ding the  existing  reservoir,  industrial  water  users 
would  be  charged  $150  to  $250  per  acre-foot  annual- 
ly. If  the  alternative  downstream  dam  were  con- 
structed the  prices  charged  would  be  approximately 
25  percent  higher.  The  company  representatives 
found  these  prices  to  be  reasonable  and  within  their 
ability  to  pay. 

Some  of  the  companies  have  coal  leases.  The 
state  and  federal  leases  are  listed  in  table  11, 
however,  these  may  be  subject  to  change  as  buy  and 
sell  options  are  exercised.  Most  company  represen- 
tatives believe  that  if  an  immediate  decision  were 
made  to  construct  a  coal  conversion  plant  in 
southeastern  Montana,  it  would  take  eight  to  ten 
years  to  bring  the  plants  on  line.  A  slurry  pipeline, 
they  estimate,  could  be  completed  in  six  to  eight 
years. 

The  plans  of  the  companies  are  uncertain  due  to 
legal  regulations  and  technological  questions  that 
would  have  to  be  satisfied  before  industrial  develop- 
ment could  take  place  in  the  Tongue  River  region. 


Some  company  representatives  feel  that  the  Major 
Facility  Siting  Act  presents  too  stringent  en- 
vironmental study  requirements  without  guarantee- 
ing that  a  construction  permit  will  be  granted.  The 
pristine  air  quality  standard  over  the  Northern 
Cheyenne  Indian  Reservation  is  a  regulation  that 
may  prevent  coal  conversion  plants  in  the  Tongue 
River  area.  Coal  gasification  and  liquefaction  are 
uneconomical  now,  but  companies  believe  they  may 
be  developed  in  the  future. 

The  companies  that  are  contemplating  slurry 
development  believe  that  there  is  sufficient 
economic  demand  now  to  justify  this  form  of  coal 
transportation.  Negotiations  have  begun  in  Wyom- 
ing to  get  the  easements  necessary  to  locate  the 
pipelines.  If,  however,  the  State  of  Montana  authoriz- 
ed slurry  the  companies  believe  that  they  would 
begin  earnest  planning  of  lines  in  southeastern  Mon- 
tana. The  estimated  water  use  requirements  for 
slurry  are  over  27,000  acre-feet  annually  (see  table 
11). 

In  summary,  eight  industrial  companies  have 
shown  interest  in  the  possibility  of  purchasing 
Tongue  River  water  for  future  coal  related  industrial 
development.  Their  plans  and  interests  are  tentative. 
Companies  wishing  to  build  coal  slurry  pipelines 
showed  the  most  interest  in  buying  Tongue  River 
water.  To  sell  to  this  market,  the  State  of  Montana 
would  have  to  change  its  coal  slurry  legislation. 


-30- 


VII.      TIMING  OF  A  NEW  PROJECT 


The  analysis  presented  so  far  leads  to  three  ma- 
jor conclusions: 

(1)  The  present  Tongue  River  Dam  is  dangerous 
and  must  soon  be  rebuilt  or  breached.  The 
risks  of  simply  maintaining  current  opera- 
tions until  a  firm  industrial  market  can 
finance  a  new  dam  is  unacceptable.  A  dam 
failure  would  be  a  major  catastrophe. 

(2)  The  State  of  Montana  must  face  the  difficult 
decision  to  breach  the  dam,  risk  a 
catastrophe,  or  build  an  expensive  new  dam. 
A  decision  cannot  be  avoided  because  to  do 
nothing  is  a  decision  to  run  the  risk  posed  by 
the  present  dam.  Breaching  the  dam  would 
leave  19,000  acres  of  irrigated  land  without  a 
water  supply,  increase  downstream  flooding 
risks,  ruin  the  Tongue  River  fishery,  and 
eliminate  a  popular  recreation  area.  A  deci- 
sion to  leave  the  present  dam  in  place  until  a 
new  one  is  complete  risks  a  dam  failure. 
Building  a  new  dam  risks  the  possibility  that 
no  market  exists  to  repay  construction  costs. 

(3)  A  new  dam  would  be  financially  feasible  and 
economically  desirable  if  the  sale  of  in- 
dustrial water  would  earn  at  least  $5,000,000 
annually  from  the  date  the  reservoir  were  full. 
It  is  not  clear  that  this  industrial  market 
would  even  be  available. 

The  State  of  r\/lontana  has  four  basic  options. 
They  are:  (1)  to  rebuild  the  existing  dam  at  the  pre- 
sent evaluation;  (2)  to  rebuild  and  raise  the  existing 
dam  (the  New  Tongue  Dam);  (3)  to  build  a  new  dam 
downstream  (the  High  Tongue  Dam);  or,  (4)  to  breach 
the  existing  dam.  As  noted  earlier,  numerous  com- 
binations of  these  options  are  available.  For  exam- 
ple, the  present  dam  could  be  breached  and  rebuilt, 
or  the  lower  dam  could  be  built  and  then  the  existing 
dam  could  be  breached. 

In  evaluating  these  options,  the  timetable  by 
which  each  option  could  be  completed  is  critical. 
Delay  in  either  building  or  breaching  increases  the 
probability  of  a  dam  failure.  A  larger  reservoir  at  the 
present  site  (the  New  Tongue  Dam)  would  flood  ex- 
isting coal  leases  when  full,  so  it  may  be  impractical 


to  take  advantage  of  a  larger  reservoir  until  many 
years  after  completion  of  a  higher  dam.  A  careful 
consideration  on  the  economics  of  the  optimal  time 
to  build  a  reservoir  and  the  optimal  time  to  breach 
the  present  dam  can  provide  some  guildlines  regar- 
ding the  timing  of  the  alternatives.  A  simple  example 
can  illustrate  the  major  issue  involved  in 
establishing  the  optimal  time  for  construction.  The 
example  will  focus  on  the  benefits  and  costs  of 
delaying  a  $1  investment  for  one  year  when  the  in- 
terest rate  is  7  percent.  If  the  investment  were  to 
earn  4'  by  year's  end,  the  benefits  of  delay  would  ex- 
ceed the  costs  of  delay  because  7'  would  be  earned 
by  putting  the  money  in  the  bank  at  7  percent  while 
only  4  percent  is  earned  on  the  investment.  The  deci- 
sion rule  is  to  invest  only  when  the  rate  of  return  on 
the  investment  exceeds  the  rate  of  interest.  This  $1 
investment  should  be  delayed  until  it  returns  more 
than  7*  a  year. 

An  evaluation  of  the  optimal  time  to  construct 
the  dam  is  an  exercise  in  economic  and  not  just 
financial  analysis.  Ideally,  the  construction  date 
should  be  delayed  only  until  the  rate  of  return  on  an- 
nual project  benefits  exceeds  the  interest  rate.  Care 
must  be  taken,  however,  to  ensure  that  a  project 
scheduled  to  maximize  net  economic  benefits, 
rather  than  just  revenues,  is  still  financially  feasible. 

The  present  value  of  all  future  project  costs 
before  filling  is  complete  (construction  costs,  opera- 
tion, maintenance  and  repair  costs,  and  interest  dur- 
ing construction  would  be  $43,018,400.  A  year's  in- 
terest at  7  percent  on  this  sum  would  earn 
$3,011,300.  The  first  year's  revenues  will  come 
eleven  years  from  the  time  this  interest  would  be  col- 
lected if  the  project  were  delayed  so  the  project 
scheduled  should  be  delayed  until  the  present  value 
of  the  first  year's  revenue  were  at  least  equal  to 
$3,01 1 ,300.  When  compound  interest  is  accumulated 
at  7  percent  for  eleven  years,  $3,011,300  is  worth 
$6,338,000. 

This  means  that,  from  an  economic  standpoint, 
work  should  not  be  started  until  (1)  it  would  seem 
likely  that  the  first  year's  benefits  would  be  at  least 
$6,338,000;  and  (2)  the  project  revenue  would,  over 
the  life  of  the  project,  be  able  to  repay  all  project 
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costs.  The  latter  criterion  determines  whether  the 
project  would  be  financially  feasible.  The  former  en- 
sures that  it  would  not  be  built  so  early  that  a  greater 
present  value  of  net  benefits  could  not  be  realized  by 
delaying  the  project. 

An  analysis  on  the  optimal  time  for  breaching 
must  compare  the  annual  costs  of  breaching  with 
the  annual  benefits  of  breaching.  The  annual  costs 
of  breaching  are  the  loss  of  the  irrigation,  flood  con- 
trol and  recreation  and  fishery  benefits  provided  by 
the  reservoir,  and  the  engineering  costs  of 
breaching. 

The  annual  costs  of  breaching  the  dam 
decrease  as  the  number  of  years  the  dam  would  be 
breached  increases.  This  occurs  because  the  costs 
of  breaching  the  dam  would  be  amortized  over  the 
number  of  years  the  dam  would  be  breached,  and  as 
the  breached  period  increases,  the  annual  costs 
decrease.  The  annual  losses  to  mitigation  would  be 
greatest  in  the  first  years  after  the  dam  were  breach- 
ed and  decrease  as  farmers  could  adjust  to  the  loss 
of  irrigation  water.  The  value  of  the  foregone  flood 
control  benefits  would  be  absent  each  year. 

The  benefits  of  breaching  are  the  value  of 
avoiding  the  risks  of  dam  failure. 

In  order  to  compare  the  annual  costs  of 
breaching  to  the  losses  that  would  result  from  a  dam 
failure,  the  average  annual  losses  that  would  result 
from  dam  failure  must  be  estimated.  A  simple 
statistical  procedure  is  available  to  consider  the 
losses  in  the  event  of  a  failure  and  the  probability  of 
a  failure,  and  to  define  these  average  annual  losses. 


The  annual  losses  that  would  result  from  a  dam 
failure  are  equal  to  the  losses  resulting  from  a  failure 
multiplied  by  the  probability  that  a  failure  will  occur. 
For  example,  if  the  probability  of  a  failure  in  any  year 
were  5  percent  and  damages  would  be  $100,000,000, 
then  the  expected  or  average  annual  losses  would  be 
$5,000,000  for  each  year.  While  the  losses  resulting 
from  dam  failure  could  not  be  quantified  because 
many  lives  may  be  lost,  the  procedure  can  illustrate 
some  important  considerations  involved  in 
evaluating  the  optimal  time  to  breach  the  dam  if  it 
were  concluded  it  should  be  breached. 

All  these  annual  costs  and  benefits  of 
breaching  are  shown  in  a  general  way  in  figure  5. 

The  length  of  time  on  the  horizontal  axis  is  the 
length  of  time  the  dam  would  be  breached  and  out  of 
service.  This  period  would  be  the  definite  period  be- 
tween breaching  and  completion  of  rebuilding  the 
dam  if  it  were  rebuilt  and  be  forever  if  the  dam  were 
never  rebuilt.  The  graph  indicates  that  if  the  time 
breached  were  short,  the  costs  of  breaching  would 
exceed  the  benefits  and  breaching  would  be 
uneconomical.  The  costs  would  be  spread  over  only 
one  or  a  few  years  and  annual  costs  would  be  higher 
than  the  expected  damage  prevented.  If  the  time 
breached  were  longer  the  annual  benefits  would  ex- 
ceed the  annual  costs  and  breaching  would  be 
economically  preferable. 

The  total  costs  of  breaching  (breaching  costs 
and  irrigation  and  flood  control  benefits  foregone) 
could  be  quantified  with  research.  Determining  the 
benefits   (prevention   of   a  catastrophe)   would   be 
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much  more  difficult  because  a  dam  failure  with  flood 
flows  passing  over  the  spillway  would  likely  result  in 
loss  of  lives  as  well  as  property.  The  graph  only 
serves  to  point  out  that  if  the  length  of  time  the  dam 
were  to  be  breached  exceeds  a  certain  interval  then 
breaching  would  be  economically  preferable. 

Although  no  data  has  been  collected  to  define 
the  curves  on  the  graph,  it  is  apparent  that  with  the 
high  risks  of  the  present  dam,  the  benefits  of 
breaching  would  exceed  the  costs  if  the  dam  were  to 
remain  breached  for  more  than  a  few  years.  The  rela- 
tionship of  annual  breaching  costs  to  the  benefits  re- 
mains about  the  same  from  year  to  year.  The  value  of 
avoiding  a  catastrophe,  the  costs  of  breaching  and 
the  flood  control  and  irrigation  benefits  could  be  ex- 
pected to  stay  about  the  same  for  each  of  the  next 
several  years.  In  terms  of  the  graph,  this  means  that 
the  position  of  the  curves  is  the  same  regardless  of 
whether  the  first  year  considered  in  identifying  the 
beginning  of  the  breached  period  is  this  year  or 
some  year  in  the  near  future. 

Thus  it  seems  apparent  that  if  a  new  dam  were 
not  going  to  be  built,  the  existing  dam  should  be 


breached  as  soon  as  practical.  It  is  only  the 
likelihood  of  a  new  dam  that  justifies  a  delay  in 
breaching  by  reducing  the  time  that  no  dam  would 
regulate  flows  and  provide  storage. 

Earlier  it  was  noted  that  there  is  an  optimal  time 
for  construction  of  a  new  dam  and  that  net  project 
benefits  would  be  substantially  reduced  if  the  dam 
were  built  either  too  early  or  too  late.  Simultaneous 
consideration  of  an  optimal  construction  time  and 
the  optimal  breaching  time  lead  to  the  conclusion 
that  the  dam  should  be  breached  if  the  optimal  com- 
pletion date  of  the  new  reservoir  would  be  later  than 
the  time  for  which  the  benefits  of  breaching  would 
exceed  the  costs  of  breaching. 

In  other  words,  the  rule  of  thumb  says  that  the 
optimal  time  for  construction  should  be  determined, 
and  then  a  decision  to  breach  should  be  based  on  an 
evaluation  of  whether  the  risks  of  catastrophe  could 
be  tolerated  in  the  inTerval  before  the  new  dam  were 
able  to  contain  the  probable  maximum  flood  flows 
without  risk  of  dam  failure. 
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VIII.      CONCLUSIONS 
AND  RECOMMENDATIONS 

CONCLUSIONS 


Because  the  dangers  of  the  present  Tongue 
River  Dam  are  unacceptably  high,  a  decision  must  be 
made  within  the  next  tew  years  to  build  a  new  dam 
on  the  Tongue  River  or  permanently  breach  the  pre- 
sent Tongue  River  Dam.  Breaching  the  dam  would 
cost  up  to  $2,000,000,  leave  18,700  irrigated  acres 
without  a  reliable  water  supply,  increase 
downstream  flooding  hazards,  and  eliminate  the 
recreational  opportunities  presently  afforded  by  the 
reservoir.  A  decision  to  build  a  new  dam  would  cost 
$690,000  in  studies  in  the  next  two  years  and  require 
a  commitment  of  $60,000,000  to  $120,000,000  to 
complete  construction.  A  new  dam  would  maintain 
existing  irrigation,  flood  control  and  recreational 
benefits  and  provide  water  for  additional  irrigation 
and  industrial  uses. 

WATER  MARKETING 

Project  revenues  could  only  pay  the  costs  of  a 
new  dam  if  25,000  to  40,000  acre-feet  were  sold  for 
industrial  use  at  prices  ranging  from  $100  to  $200  per 
acre-foot.  Any  development  within  a  reasonable 
distance  of  the  Tongue  River  or  reservoir  would  find 
Tongue  water  cheaper  than  water  from  any  alter- 
native source  unless  low-cost  ground  water  would 
become  available.  If  industrial  firms  locate  in  the 
Tongue  market  area  they  would  be  willing  to  pay 
prices  sufficient  for  the  project  to  be  financially  at- 
tractive. The  major  unresolved  issue  is  whether  coal 
conversion  plants  or  coal  slurry  operations  will 
locate  in  the  market  area  despite  economic  con- 
straints or  the  feasibility  of  coal  conversion  and  the 
environmental  and  regulatory  limitations.  A  substan- 
tial market  for  industrial  water  does  not  exist  in  the 
area  now  and  it  is  not  clear  that  one  will  ever 
materialize  even  though  energy  projections  indicate 
that  large  quantities  of  water  will  be  needed  by  coal 
conversion  facilities  in  the  future.  Because  no  in- 
dustrial market  is  currently  available,  early  construc- 
tion would  have  to  be  financed  by  the  sale  of  general 
obligation  bonds.  These  would  carry  the  lowest 
possible  interest  rate  but  would  require  that  Mon- 
tana taxpayers  repay  all  project  costs  not  covered  by 
project  revenues. 


A  substantial  volume  of  water  could  probably  be 
marketed  for  coal  slurry  if  (1)  the  law  declaring  that 
the  use  of  Montana  water  to  export  coal  illegal  were 
repealed,  and  (2)  Congress  granted  the  right  of  emi- 
nent domain  to  slurry  companies.  The  potential 
market  for  water  for  coal  gasification,  coal  liquefac- 
tion, and  electric  generation  is  highly  uncertain. 
Coal  slurry  pipelines  from  the  northern  Great  Plains 
are  being  actively  pursued  in  spite  of  the  difficulties 
due  to  the  lack  of  access  to  eminent  domain  pro- 
ceedings; a  repeal  of  the  Montana  statute  on  coal 
slurry  may  be  necessary  and  sufficient  for  the 
development  of  a  new  financially  successful  reser- 
voir on  the  Tongue  River. 

JOINT  STUDIES 

If  the  State  of  Montana  were  to  decide  to  ex- 
pand or  replace  the  Tongue  River  Reservoir,  it  could 
be  to  the  Northern  Cheyenne  tribe's  advantage  to 
consider  storing  water  in  the  reservoir.  DNRC  and 
the  Northern  Cheyenne  tribe  have  indicated  that  this 
approach  would  be  mutually  beneficial.  The  Nor- 
thern Cheyenne  tribe  is  interested  in  pursuing  joint 
studies  of  reservoir  alternatives  on  the  Tongue  River. 

The  Crow  tribe  has  expressed  interest  in  joint 
studies.  Further  meeting  with  both  tribes  will, 
hopefully, lead  to  a  partnership  arrangement  in  more 
detailed  studies. 

Neither  Wyoming  or  Montana  is  interested  in 
developing  water  storage  in  the  Powder  River  basin. 
The  sites  on  the  Tongue  River  in  Wyoming  have  en- 
vironmental or  economic  limitations  that  make  them 
presently  unattractive.  The  State  of  Wyoming  is  in- 
terested in  what  Montana  officials  intend  to  do  with 
the  Tongue  River  Dam. 

If  the  State  of  Montana  were  to  choose  to 
breach  the  dam  or  simply  replace  the  existing 
spillway  then  further  meetings  with  Wyoming  of- 
ficials would  probably  not  be  necessary.  If,  however, 
the  decision  were  to  build  the  New  Tongue  Dam 
(raise  the  existing  reservoir  to  the  3465  foot  eleva- 
tion) which  would  back  water  well  into  Wyoming, 
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then  more  information  and  cooperation  between  the 
two  states  would  be  needed.  The  economic  and  en- 
vironmental value  of  the  Wyoming  lands  that  would 
be  inundated  would  have  to  be  investigated.  It 
should  also  be  determined  if,  and  to  what  extent, 
Wyoming  may  want  to  develop  some  of  its  share  of 
the  Yellowstone  River  Compact  water  out  of  this 
potential  project.  If  the  downstream  High  Tongue 
Dam  alternative  were  to  be  developed,  it  would  back 
water  up  to  within  three  vertical  feet  of  the  elevation 
at  the  state  line.  Under  this  alternative  Wyoming  of- 
ficials may  still  want  to  investigate  the  possibility  of 
using  some  of  this  water  in  Wyoming.  If  so,  the  State 
of  Montana  should  negotiate  this  possibility  under 
the  guidelines  of  the  Yellowstone  River  Compact. 


WATER  QUALITY 

Water  quality  in  the  Montana  portion  of  the 
Tongue  River  is  good  and  does  not  restrict  current 
use.  Evaporation  and  increased  return  flows  from  the 
expanded  irrigation  provided  by  a  larger  reservoir 
might  occasionally  create  water  quality  problems  to 
irrigated  agriculture. 

Powder  River  water  is  used  for  irrigation,  which 
may  be  restricted  occasionally  because  of  high  con- 
centrates of  salinity.  If  irrigation  were  increased  in 
the  basin,  say,  as  a  result  of  a  reservoir  in  the  basin, 
salinity  would  also  be  increased.  Powder  River  water 
is  not  used  for  municipal  water  supplies. 


RECOMMENDATIONS 


The   Legislature   should   direct   and   fund   the 
DNRC  to: 


1. 


Cooperate  with  the  Northern  Cheyenne  and 
Crow  tribes  in  joint  studies  of  reservoir  alter- 
natives on  the  Tongue  River. 

Evaluate  the  costs  and  problems  associated 
with  the  acquisition  of  land  and  mineral 
rights  for  the  New  Tongue  Dam  and  High 
Tongue  Dam  reservoir  sites. 


Complete  the  geotechnical 
both    sites    necessary    to 
studies. 


explorations  at 
further    design 


4.  Establish  a  consultant  review  board  to  per- 
form a  field  review  during  investigations  and 
to  review  final  reports  and  recommenda- 
tions. 

5.  Retain  a  financial  consultant  to  evaluate  fun- 
ding sources  and  prepare  a  report  outlining 
financial  alternatives  to  the  Forty-Seventh 
Legislature. 

6.  Prepare  a  feasibility  report  with: 

(a)  quantity  estimates  for  two  levels  at  the 
New  Tongue  Dam  and  High  Tongue 
Dam  sites, 


(b)  a  costs  estimate  for  each  alternative, 

(c)  an  improved  firm  annual  yield  study, 

(d)  a  review  of  possible  outlet  modifica- 
tions; and, 

(e)  an  evaluation  of  the  probabilities 
associated  with  alternative  filling  roles. 

7.  Complete  an  evaluation  of  the  marketing 
potential  for  Tongue  River  water.  This  evalua- 
tion should  include: 

(a)  a  review  of  the  economics  and  siting 
criteria  for  coal  conversion  plants, 

(b)  air  quality  modeling  on  likely  emission 
from  alternative  coal  conversion  plants 
to  identify  regions  near  the  reservoir 
which  will  not  violate  federal  air  quality 
standards, 

(c)  a  review  of  potential  environmental  con- 
straints imposed  by  the  proximity  of  the 
Custer  National  Forest, 

(d)  an  evaluation  of  irrigation  needs;  and, 

(e)  an  evaluation  of  Indian  needs. 

8.  Prepare  an  environmental  impact  statement 
on  the  alternatives  available.  Table  12  pro- 
vides an  analysis  on  appropriations 
necessary  for  the  completion  of  these 
studies. 
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TABLE  12. 
COSTS  OF  STUDIES  NEEDED  TO  EVALUATE  OPTIONS  FOR  A  NEW  DAM. 

Geotechnical  investigations  -  Tongue  River  Dam  site 

Geological  explorations,  geologic  mapping  and  report. 

1.  Mobilize  drill,  construct  drill  pads,  $  53,000 
exploratory  trenching  and  surveying 

in  proposed  spillway  area. 

2.  Drill  toe  drain  area  $  16,000 

3.  Topographic  map  of  dam  area  $     8,000 

4.  Enlarge  existing  piezometer  network  $     7,000 

5.  Geologic  mapping: 

Spillway  area  $  38,000 

Toe  drain  $     9,000 

Piezometers  $     3,000 

6.  Geotechnical  Report  $  51,000 

Lab  testing,  recommendations, 
reviews,  printing,  drafting 

Geotechnical  investigations  •  Tongue  River  Dam  site  $185,000 

High  Tongue  Dam  site  $  10,000 

Review  and  report  findings  of  1969  Bechtel  study 

TOTAL  GEOTECHNICAL  INVESTIGATIONS  $195,000 

Geotechnical  investigations  -  High  Tongue  Dam  site 

Feasibility  report  $  85,000 

-Quantity  estimates  for  two  levels  at  two  sites 

-Cost  estimates  for  four  schemes 

-Improved  firm  annual  yield  study 

-Study  feasible  outlet  modification 

-Determine  potential  for  hydroelectric  generation 

-Determine  filling  rates  and  probabilities 

-Write  report 

Land  rights  $  30,000 

Environmental  impact  statement  $260,000 

-Two  dam  sites  and  removal  of  present 
dam  will  be  considered 

Consultant  review  board  $  15,000 

-Field  review  during  investigations,  review 
of  final  reports  and  recommendations 

Financing  report  $  25,000 

-Recommend  funding  sources 
-Prepare  bonds  or  other  documents  for 
legislative  approval 

Economic  $  50,000 

Marketing  studies  $  30,000 

TOTAL  NEEDED  FOR  TONGUE  RIVER  PROJECT  IN  1980-81  BIENNIUM.  $690,000 
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If  the  State  of  Montana  were  to  decide  to 
rennove  the  Tongue  River  Dam  and  not  construct 
another  dam,  the  items  listed  in  table  13  would  have 
to  be  done. 

Completion  of  these  study  items  would  enable 
DNRC  to  identify  and  recommend  a  preferred  alter- 


native for  water  storage  on  the  Tongue  River.  In  addi- 
tion, the  results  of  the  financial  and  funding  in- 
vestigations will  point  to  the  best  way  a  storage  pro- 
ject could  be  financed.  Provided  with  the  informa- 
tion, the  Forty-Seventh  Legislature  will  be  able  to 
authorize  the  activities  leading  to  dam  construction. 


TABLE  13. 
COSTS  OF  STUDIES  ON  DAM  REMOVAL. 

Feasibility  report  $  10,000 

■Quantity  estimates 
-Cost  estimates 
-Other  preliminary  engineering 

Environmental  impact  statement  $150,000 

Legal  review  $  50,000 

TOTAL  NEEDED  FOR  TONGUE  RIVER  PROJECT  IN  1981  BIENNIUM  $200,000 
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APPENDIX  A. 
POTENTIAL  RESERVOIR  PROUI 


Much  of  the  discussion  between  DNRC  and  the 
Wyoming  State  Engineer's  Office  concerned  twenty- 
one  potential  reservoir  sites  that  have  been  studied 
by  one  group  or  another.  These  sites  are  briefly 
discussed  in  this  appendix.  Many  of  these  projects 
appear  to  have  relatively  low  development  costs 
compared  to  the  New  Tongue  Dam  or  the  High 


Tongue  Dam.  Most  of  these  costs  only  include  con- 
struction expenses  and  may  not  include  the  costs  of 
sufficiently  safe  engineering  or  land  costs.  In  addi- 
tion they  do  not  include  expenses  such  as  subsidies 
to  water-use  groups  as  included  in  the  New  Tongue 
Dam  and  High  Tongue  Dam  estimates. 


TONGUE  RIVER  BASIN 


New  Tongue  Dam 

The  New  Tongue  Dam  would  be  constructed  by 
raising  the  Tongue  River  Dam  from  the  present  level 
of  3,424.4  feet  to  3,465  feet.  This  would  raise  the 
reservoir's  capacity  from  68,000  acre-feet  to  320,000 
acre-feet  and  the  firm  annual  yield  from  about  42,000 
acre-feet  to  about  100,000  acre-feet.  The  annual 
amortized  cost  per  acre-foot  would  be  $2.50  per  acre- 
foot  for  agricultural  water  and  $100  to  $200  per  acre- 
foot  for  industrial  water.  About  29,950  acre-feet  of 
the  increased  yield  would  be  allocated  to  agriculture 
and  28,750  to  industry. 

The  New  Tongue  Dam's  reservoir  would  inun- 
date coal  deposits  controlled  by  the  Decker  Coal 
Company  and  others.  Raising  the  Tongue  River  Dam 
would  eliminate  the  need  for  repairing  it,  which  is 
the  least  that  should  be  done  if  the  state  continues 
to  maintain  the  dam.  Some  of  the  engineering  work 
has  been  completed  for  this  project. 

High  Tongue  Dam 

The  High  Tongue  Dam  would  be  constructed  on 
the  Tongue  River  about  seven  miles  downstream 
from  the  present  Tongue  River  Dam.  The  High 
Tongue  Dam  would  create  a  multiple-purpose  reser- 
voir, 320,000  acre-feet  in  capacity  at  the  3,438  foot 
elevation,  that  would  inundate  (and  thereby  remov- 
ing the  need  to  repair)  the  present  dam.  The  reservoir 
would  produce  a  firm  annual  yield  of  100,000  acre- 
feet.  The  annual  amortized  cost  would  be  somewhat 
higher  than  the  cost  of  expanding  the  existing  reser- 
voir. The  preliminary  engineering  design  has  been 
completed  for  this  project. 


North  Fork  Tongue  River  Reservoir 

Construction  of  a  dam  on  the  North  Fork  of  the 
Tongue  River  west  of  Burgess  Junction,  Wyoming, 
would  create  a  reservoir  producing  a  firm  annual 
yield  of  21,600  acre-feet  from  a  capacity  of  40,200 
acre-feet.  The  cost  would  be  from  $58  to  $80  per 
acre-foot,  which  includes  some  highway  relocation. 
The  814  acres  that  this  reservoir  would  inundate  are 
administered  by  the  U.S.  Forest  Service.  Pacific 
Power  and  Light  submitted  the  water  use  application 
for  this  project. 

South  Fork  Tongue  River  Reservoir 

A  dam  built  on  the  South  Fork  of  the  Tongue 
River  east  of  Burgess  Junction,  Wyoming,  would  be 
able  to  store  27,300  acre-feet  and  yield  20,500  acre- 
feet  each  year.  The  cost  of  construction  would  be 
about  $51  per  acre-foot.  The  reservoir  would  inun- 
date 484  acres  of  national  forest  land  as  well  as  a 
portion  of  highway,  a  lodge  and  a  campground. 
Pacific  Power  and  Light  Company  submitted  the  ap- 
plication for  this  project. 

Upper  Stateline  Reservoir 

Pacific  Power  and  Light  Company  also  has  an 
application  for  the  Upper  Stateline  Reservoir  on  the 
Tongue  River  between  Decker,  Montana,  and  Acme, 
Wyoming.  The  reservoir's  204,000  acre-foot  capacity 
would  inundate  5,400  acres  and  produce  a  firm  an- 
nual yield  of  about  85,000  acre-feet  costing  $28  per 
acre-foot.  The  dam  would  be  built  in  Wyoming  and 
the  reservoir  would  extend  into  Montana  and  then 
back  into  Wyoming.  This  project  would  allow  Wyom- 
ing to  develop  the  largest  firm  annual  yield  of  any 
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project.  The  firm  annual  yield  would  equal  80  percent 
of  Wyoming's  allocation. 

A  cooperative  venture  with  the  State  of  Montana 
would  raise  the  firm  annual  yield  to  109,000  acre-feet 
at  $22  an  acre-foot.  The  preliminary  design  is  com- 
plete. Pacific  Power  and  Light  indicates  that  the 
water  would  be  provided  to  industry  and  used  for 
power  generation.  Extensive  coal  fields  would  be  in- 
undated by  this  project. 

Rockwood  Reservoir 

The  Rockwood  Reservoir  would  inundate  the 
confluence  of  the  North  and  South  forks  of  the 
Tongue  River.  It  would  cover  737  acres  of  land  ad- 
ministered by  the  U.S.  Forest  Service  in  a  scenic 
canyon  and  block  an  elk  migration  route.  The  pro- 
ject's 125,000  acre-feet  of  storage  would  yield  68,500 
acre-feet  at  $37  per  acre-foot.  If  the  project  were  able 
to  use  part  of  Montana's  allocation,  the  yield  would 
be  83,000  acre-feet.  The  site  has  previously  been 
considered  for  peaking  power  operation.  The 
preliminary  design  is  complete.  The  Pacific  Power 
and  Light  Company  has  the  application  for  this  pro- 
ject. 

Prairie  Dog  Reservoir 

A  reservoir  on  Prairie  Dog  Creek  has  its  con- 
fluence with  the  Tongue  River  just  before  the  river 
flows  into  Montana  the  second  time.  The  storage 
volume  of  this  reservoir  would  be  39,000  acre-feet. 
Since  the  reservoir  would  be  rilled  with  water  from 
the  Tongue  River,  the  yield  would  be  30,000  acre- 
feet.  The  cost  would  be  $34  per  acre-foot  annually. 
The  reservoir's  surface  area  would  be  1,360  acres. 

The  dam,  reservoir,  and  pump  station  is  design- 
ed to  be  used  in  conjunction  with  a  coal-fired  power 
plant.  Tongue  River  water  would  be  pumped  into  the 
reservoir.  This  storage  would  be  consumed  and 
would  not  be  available  for  use  in  Montana.  The 
design  shows  the  possibility  of  supplying  two  four 
hundred  megawatt  coal-fired  generating  plants  with 
Prairie  Dog  water  alone.  With  the  addition  of  a  diver- 
sion from  the  Tongue  River,  two  more  such  plants 
could  be  supported.  The  preliminary  design  has 
been  completed  by  Pacific  Power  and  Light  Com- 
pany which  holds  the  project  application. 

Sheridan  Canal  and  Shutts  Flatts  Reservoir 

The  Shutts  Flatts  Reservoir  would  be  located  on 
the  South  Fork  of  the  Tongue  River  southeast  of 
Burgess  Junction,  Wyoming;  and  the  Sheridan  Canal 
would  run  from  the  Tongue  River  above  Dayton  to 
Soldier  Creek  near  Sheridan  providing  irrigation 
water  to  9,200  acres  along  four  tributaries  of  the 
Tongue  River.  The  Shutts  Flatt  site  is  on  land  ad- 
ministered by  the  U.S.  Forest  Sevice  and  the  reser- 


voir would  inundate  moose  habitat.  The  11,400  acre- 
foot  reservoir  would  produce  8,600  acre-feet  of  water 
annually  at  $17  per  acre-foot. 

Little  Bighorn  River  Import  System 

The  Little  Bighorn  Import  System  would  provide 
a  new  water  supply  to  the  Tongue  River  from  the  Lit- 
tle Bighorn  River.  Water  would  be  diverted  from  the 
Little  Bighorn  River  several  miles  south  of  the 
Montana-Wyoming  border  and  conveyed  through  a 
pipeline  16.1  miles  to  the  Parkman  Reservoir.  From 
the  Parkman  Reservoir,  water  is  piped  to  the  Tongue 
River  near  Dayton,  Wyoming.  The  water  flows  down 
the  Tongue  to  where  it  is  diverted  above  Ranchester 
to  the  Beatty  Gulch  Reservoir  via  a  concrete  canal. 

The  Parkman  Reservoir  has  a  capacity  of  42,500 
acre-feet.  The  Beatty  Gulch  Reservoir  would  have  a 
capacity  of  27,800  acre-feet.  The  firm  annual  yield  of 
the  pipeline  from  the  Little  Bighorn  to  Parkman 
Reservoir  would  be  34,000  acre-feet.  The  pipeline  to 
the  Tongue  River  from  Parkman  Reservoir  would 
yield  55,700  acre-feet  annually.  The  cost  of  the 
pipeline  from  the  Little  Bighorn  River  to  Parkman 
Reservoir  would  be  $80  per  acre-foot,  while  the  cost 
of  the  pipeline  from  Parkman  Reservoir  to  the 
Tongue  River  and  the  Parkman  Reservoir  would  be 
$64  per  acre-foot. 

TR-12  Company  has  applied  for  this  project  and 
is  currently  applying  for  a  permit  for  the  Beatty 
Gulch  Addition.  There  is  some  contention  about  the 
legitimacy  of  the  Parkman  Reservoir. 

Prairie  Dog  Reservoir  and  South  Fork  Reservoir 

Pacific  Power  and  Light  has  considered  a  pro- 
ject that  would  use  a  Prairie  Dog  Reservoir  in  Wyom- 
ing (several  miles  southeast  of  Decker,  Montana)  and 
a  South  Fork  Reservoir  east  of  Burgess  Junction, 
Wyoming  to  produce  a  firm  annual  yield  of  45,500 
acre-feet  at  a  cost  of  $46  per  acre-foot.  Total  capacity 
of  the  two  reservoirs  would  be  66,300  acre-feet.  This 
alternative  could  provide  a  number  of  combinations 
of  yields  to  Montana  and  Wyoming. 

Prairie  Dog  and  Upper  Stateline  Reservoir 

Pacific  Power  and  Light  holds  the  applications 
for  the  Prairie  Dog  and  Stateline  reservoirs  which 
could  be  used  in  combination  to  yield  76,100  acre- 
feet  at  a  cost  of  $45  per  acre-foot.  In  this  combina- 
tion, the  Prairie  Dog  Reservoir  would  yield  30,800 
acre-feet  per  year,  but  using  the  two  reservoirs  in 
combination  would  yield  less  than  the  Upper 
Stateline  by  itself.  If,  however,  Montana  were  involv- 
ed, annual  yields  could  be  from  116,000  to  139,000 
acre-feet.  The  larger  yield  is  42  percent  of  the  annual 
average  Tongue  River  flow  at  the  state  line.  The  com- 
bined reservoir  capacity  would  be  about  243,000 
acre-feet. 
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The  Rockwood  and  Upper  Stateline  Reservoirs 

The  Rockwood  and  Upper  Stateline  Reservoirs 
could  be  used  in  combination  to  provide  74,900  acre- 
feet  annually  at  a  cost  of  $64  per  acre-foot.  Total 
storage  would  be  261,000  acre-feet.  Unless  this  pro- 
ject would  be  operated  jointly  between  Montana  and 


Wyoming,  this  project  would  yield  less  than  the  Up- 
per Stateline  Reservoir  alone.  If  the  project  were 
operated  jointly,  it  could  produce  91,300  to  109,000 
acre-feet  which  is  not  much  more  than  what  Upper 
Stateline  would  yield  alone. 


POWDER  RIVER  BASIN 


Moorhead  Reservoir 

A  dam  built  on  the  Powder  River  near  Moorhead, 
Montana,  three  miles  north  of  the  Montana-Wyoming 
border,  would  back  up  a  reservoir  about  twenty- 
seven  miles  into  Wyoming.  The  reservoir  would  store 
460,000  acre-feet,  cover  18,200  acres  and  yield  up  to 
124,000  acre-feet  annually.  The  reservoir  would  flood 
a  strippable  coal  deposit.  The  Intake  Water  Company 
has  applied  for  a  water-use  permit  for  this  project. 
The  project  would  be  designed  to  serve  several 
water  uses. 

Fence  Creek 

Water  from  the  Powder  River  would  be  diverted 
to  an  off-stream  site  on  Fence  Creek  in  Wyoming 
near  the  Montana-Wyoming  border,  several  miles 
southwest  of  Moorhead,  Montana.  Total  capacity 
would  be  106,000  acre-feet  and  the  reservoir  would 
yield  40,000  acre-feet.  Water  would  be  delivered  to 
the  Wyoming  reservoir  via  a  pumping  plant  and  con- 
veyance conduits  having  a  capacity  of  500  cfs.  Water 
would  be  delivered  via  a  second  pumping  plant  and 
pipeline  back  across  the  state  line  into  Montana  for 
the  purpose  of  developing  coal  resources  in  the 
Powder  River  country.  The  water  utilized  would  be  a 
portion  of  the  Montana  allocation  under  the 
Yellowstone  River  Compact.  Utah  International,  Inc. 
is  pursuing  this  project. 

Lower  Clear  Creek  Project 

A  dam  on  Wyoming's  Clear  Creek,  two  and  a 
half  miles  above  its  confluence  with  the  Powder 
River,  would  create  a  reservoir  actively  storing 
223,800  acre-feet  and  yielding  50,000  acre-feet  an- 
nually at  $112  an  acre-foot.  If  water  were  stored  for 
Montana,  the  reservoir  could  yield  up  to  54,000  acre- 
feet.  The  project  may  include  a  diversion  from  the 
Powder  River  to  improve  the  water  supply.  The  pro- 
ject would  have  water  of  a  quality  that  would  allow  a 
good  fishery  and  recreational  development. 

Fortification  Creek  Project 

A  dam  on  Fortification  Creek,  one  and  a  half 
miles  above  that  intermittant  creek's  confluence 
with  the  Powder  River,  would  be  used  to  actively 
store  342,300  acre-feet  and  yield  63,300  acre-feet  for 
$222  an  acre-foot.  Total  storage  would  be  427,000 


acre-feet.  This  project  would  require  a  diversion  from 
the  Powder  River  to  fill  the  reservoir. 

Lower  Crazy  Woman  Project 

Sun  Oil  Company  has  considered  a  project  on 
Crazy  Woman  Creek  in  Wyoming  that  would  involve  a 
dam  about  one  mile  from  that  creek's  confluence 
with  the  Powder  River.  The  active  storage  volume  of 
the  project  would  be  400,800  acre-feet  using  flows 
from  Crazy  Woman  Creek  and  a  diversion  from  the 
Powder  River.  If  the  flows  from  Lower  Crazy  Woman 
Creek  were  used  exclusively,  the  active  storage 
capacity  would  be  107,100  acre-feet.  The  firm  annual 
yield  would  be  13,400  acre-feet  using  Crazy  Woman 
Creek  water  alone  and  would  be  67,200  acre-feet  us- 
ing water  from  both  sources.  The  cost  would  be  $160 
per  acre-foot.  The  diversion  would  optimize  the  pro- 
ject's cost/benefit  ratio. 

Sediment  would  be  a  significant  problem  in  this 
project.  If  the  firm  annual  yield  were  reduced  by  18 
percent  to  55,400  acre-feet,  however,  sedimentation 
would  decrease  by  44  percent  from  95,500  acre-feet 
to  53,500  acre-feet. 
Pumpkin  Reservoir 

A  dam  on  the  main  stem  of  the  Powder  River 
near  Pumpkin  Creek,  Wyoming,  would  create  a  reser- 
voir having  a  total  storage  of  643,900  acre-feet.  The 
222,000  acre-feet  of  sediment  that  would  build  up  in 
the  reservoir  over  a  fifty-year  period  would  reduce 
the  active  storage  to  421,900  acre-feet.  The  reservoir 
would  yield  60,000  acre-feet  using  Wyoming  water 
only.  If  Montana  water  were  developed,  the  reservoir 
would  yield  78,000  acre-feet.  The  cost  of  the  project 
would  be  $181  per  acre-foot. 

Box  Elder  Reservoir 

Because  the  strippable  coal  deposits  at  this  off- 
stream  site  near  Clear  Creek,  Wyoming,  have  been 
sold,  no  one  is  considering  the  Box  Elder  Creek  Pro- 
ject. A  reservoir  at  this  site  would,  however,  use 
diversions  from  Piney  Creek  or  Clear  Creek  or  both 
to  produce  a  firm  annual  yield  of  about  30,000  acre- 
feet. 

Lake  DeSmet 

There  may  be  water  for  sale  from  Texaco's  Lake 
DeSmet  which  is  about  fifteen  miles  north  of  Buf- 
falo, Wyoming,  near  the  headwater  of  Piney  Creek. 
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Hole-in-the-Wall  though  there  would  be  a  surplus  of  water  for  in- 

A  group  of  ranchers  and  the  Carter  Oil  Company  dustry. 
have  been  pursuing  the  Hole-in-the-Wall  Project  jhis  project  is  currently  stalled.  A  land  ex- 
which  would  put  a  reservoir  having  50,000  feet  of  ac-  change  to  mitigate  the  inundation  of  141  acres  of 
five  storage  and  a  firm  annual  yield  of  20,000  acre-  public  domain  was  not  approved  by  U.S.  Department 
feet  for  industry  on  the  Middle  Fork  of  Powder  River  of  the  Interior.  If  this  impass  can  be  resolved,  con- 
just  above  Kaycee,  Wyoming.  The  project  will  struction  would  probably  commence.  Most  other 
primarily    provide    supplemental    irrigation    water,  pre-construction  requirements  are  complete. 
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APPENDIX  B. 
TONGUE  RIVER  WATER  QUALITY 

WATER  QUALITY  OF  THE  TONGUE  RIVER  AT  THE  TONGUE  RIVER  DAM. 


Number  c 

•f 

Properly 

Analyses 

Mean 

Range 

Units 

Discharge  (Q) 

12 

25-1510 

iVIs 

Specific  conductance  (at  25  deg. 

C) 

12 

706 

330-945 

umhos/cm 

PH 

12 

8.2 

7.9-8.5 

units 

Temperature 

12 

9.5 

2.0-22.0 

deg.  C 

Turbidity 

12 

5 

2-10 

JTU 

Dissolved  oxygen 

12 

100 

92-103 

percent 

Bioctiemical  oxygen  dennand 

12 

1.0 

.4-1.8 

mg/L 

Calcium  (Ca),  dissolved 

12 

63 

29-81 

mg/L 

Magnesium  (Mg),  dissolved 

12 

41 

16-58 

mg/L 

Soduim  (Na),  dissolved 

12 

32 

13-46 

mg/L 

Percent  sodium 

12 

17 

14-20 

percent 

Sodium-adsorption  ratio 

12 

.8 

.5-1.0 

— 

Potassium  (K),  dissolved 

12 

3.7 

1.7-4.9 

mg/L 

Bicarbonate  (HCO3) 

12 

253 

131-332 

mg/L 

Carbonate  (CO3) 

12 

1 

0-7 

mg/L 

Sulfate  (SO4),  dissolved 

12 

180 

61-260 

mg/L 

Chloride  (CI),  dissolved 

12 

3.3 

1.1-4.6 

mg/L 

Fluoride  (F),  dissolved 

12 

.3 

.1-.3 

mg/L 

Silica  (SiQj),  dissolved 

12 

5.1 

1.0-10 

mg/L 

Dissolved  solids  (calculated) 

12 

451 

195-617 

mg/L 

Nitrite  plus  nitrate,  total  as  N 

12 

.11 

.00-.28 

mg/L 

Nitrogen,  ammonia,  total  as  N 

12 

.05 

.00-.10 

mg/L 

Nitrogen,  total  organic  as  N 

12 

.67 

.19-3.5 

mg/L 

Nitrogen,  total  kjeldahl  as  N 

12 

.72 

.29-3.6 

mg/L 

Phosphorus,  total  as  P 

12 

.04 

.00-.07 

mg/L 

Suspended  sediment 

12 

21 

6-50 

mg/L 

(DISSOLVED) 

(TOTAL) 

Number  of 

Value  or 

Number  of 

Value  or 

Property                      Analyses 

Range 

Analyses 

Range 

Units 

Aluminum                           1 

20 

5 

60-320 

ug/L 

Arsenic                                1 

1 

5 

0-1 

ug/L 

Beryllium                              1 

0 

5 

0-10 

ug/L 

Boron                                 12 

40-150 

— 

— 

ug/L 

Cadmium                             1 

0 

5 

0-10 

ug/L 

Chromium                           1 

2 

5 

0-10 

ug/L 

Copper                                1 

2 

5 

0-10 

ug/L 

Iron                                    12 

0-980 

5 

60-450 

ug/L 

Lead                                     1 

1 

5 

<100 

ug/L 

Lithium                                1 

20 

5 

10-40 

ug/L 

Manganese                         1 

10 

5 

50-90 

ug/L 

Mercury                                1 

.0 

5 

.0-.1 

ug/L 

Molybdenum                       1 

2 

5 

0-2 

ug/L 

Nickel                                  1 

2 

5 

<  50-50 

ug/L 

Selenium                             1 

1 

5 

0-1 

ug/L 

Vanadium                            1 

1.6 

— 

— 

ug/L 

Zinc                                     1 

2 

5 

0-20 

ug/L 
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WATER  QUALITY  OF  THE  TONGUE  RIVER  AT  MILES  CITY. 


Number  of 

Property 

Analyses 

Mean 

Range 

Units 

Discharge  (Q) 

25 

106-4140 

ftVs 

Specific  conductance  (at  25  deg.  C) 

25 

838 

440-1320 

umhos/cm 

pH 

25 

8.3 

7.7-8.5 

units 

Temperature 

25 

9.5 

0.0-27.0 

deg.  C 

Turbidity 

25 

160 

1-1200 

JTU 

Dissolved  oxygen 

25 

97 

79-110 

percent 

Biochemical  oxygen  demand 

7 

2.3 

.8-5.5 

mg/L 

Calcium  (Ca),  dissolved 

25 

61 

27-83 

mg/L 

Magnesium  (Mg),  dissolved 

25 

43 

14-61 

mg/L 

Soduim  (Na),  dissolved 

25 

67 

29-130 

nng/L 

Percent  sodium 

25 

30 

23-49 

percent 

Sodium-adsorption  ratio 

25 

1.6 

.9-3.0 

— 

Potassium  (K),  dissolved 

25 

4.8 

2.9-6.7 

mg/L 

Bicarbonate  (HCO3) 

25 

276 

142-369 

mg/L 

Carbonate  (CO3) 

23 

1 

0-5 

mg/L 

Sulfate  (SO4),  dissolved 

25 

240 

89-440 

mg/L 

Chloride  (CI),  dissolved 

25 

4.4 

1.8-8.7 

mg/L 

Fluoride  (F),  dissolved 

25 

.3 

.2-.5 

mg/L 

Silica  (Si02),  dissolved 

25 

5.4 

.5-8.9 

mg/L 

Dissolved  solids  (calculated) 

25 

563 

281-912 

mg/L 

Nitrite  plus  nitrate,  total 

as  N 

25 

.08 

.00-.32 

mg/L 

Nitrogen,  ammonia,  total 

as  N 

1 

.00 

.00 

mg/L 

Nitrogen,  total  organic  as  N 

1 

.73 

.73 

mg/L 

Nitrogen,  total  kjeldahl  as  N 

25 

.84 

.19-2.9 

mg/L 

Phosphorus,  total  as  P 

25 

.2 

.00-1.0 

mg/L 

Suspended  sediment 

25 

541 

6-4360 

mg/L 

(DISSOLVED) 

(TOTAL) 

Number  of 

Value  01 

Ni 

jmber  of 

Value  or 

Property                      Analyses 

Range 

Analyses 

Range 

Units 

Aluminum 

1 

20 

1 

350 

ug/L 

Arsenic 

9 

0-1 

8 

0-26 

ug/L 

Beryllium 

1 

10 

1 

10 

ug/L 

Boron 

1 

180 

— 

— 

ug/L 

Cadmium 

9 

0-1 

9 

0-20 

ug/L 

Chromium 

9 

0-10 

9 

0-80 

ug/L 

Copper 

9 

1-7 

9 

<10-170 

ug/L 

Iron 

9 

0-150 

9 

220-74000 

ug/L 

Lead 

9 

1-7 

9 

0-  <100 

ug/L 

Lithium 

1 

30 

1 

20 

ug/L 

Manganese 

9 

0-20 

8 

10-680 

ug/L 

Mercury 

9 

.0-.2 

9 

.0-.2 

ug/L 

Molybdenum 

1 

0 

1 

3 

ug/L 

Nickel 

1 

1 

1 

50 

ug/L 

Selenium 

9 

0-1 

9 

0-2 

ug/L 

Vanadium 

1 

.5 

— 

— 

ug/L 

Zinc 

9 

0-20 

9 

10-340 

ug/L 
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APPENDIX  C. 

PROUECTIONS  FOR 

ENERGY  DEVELOPMENT 


The  three  major  studies,  discussed  in  this  ap- 
pendix, the  Northern  Great  Plains  Resources  Pro- 
gram Cooperative  Resources  Study  (September 
1974),  Analysis  of  Energy  Projections  and  Implica- 
tions for  Resource  Requirements  (Harza  Engineering 
Company,  December  1976),  and  the  Yellowstone  Im- 
pact Study  (Old  West  Regional  Commission,  1977), 


contained  projections  for  energy  development  and 
water  use  in  the  Tongue-Powder  and  lower 
Yellowstone  River  regions.  These  projections  are 
summarized  below,  with  brief  discussions  of 
methodology  and  assumptions  used  in  making  the 
projections  in  each  study. 


NORTHERN  GREAT  PLAINS  RESOURCES  PROGRAM 


The  NGPRP  study  focused  on  coal  as  a  means 
to  meet  the  nation's  energy  demands  for  the  future. 
Three  levels  of  coal  development  were  analyzed: 
"base,"  "most  probable,"  and  "extensive."  The 
"base"  level  of  development  represents  a  minimal 
rate  of  coal  production  sufficient  to  meet  only  ex- 
isting contractual  agreements  and  supply  new 
regional  thermal-electric  power  plants  considered 
highly  probable  in  1973.  The  "most  probable"  level 
of  development  represents  the  rate  of  coal  produc- 
tion that  is  consistent  with  the  1972  Department  of 
the  Interior  coal  consumption  and  production 
forecasts  for  export,  in-region  power  generation, 
electrical  export,  and  synthetic  natural  gas  produc- 
tion. The  "extensive"  level  of  development  is  a 
higher  rate  of  production  estimating  the  maximum 
contribution  that  northern  Great  Plains  coal  could 
make  in  meeting  the  nation's  future  energy 
demands.  This  development  level  assumes  short- 
ages of  oil  and  natural  gas  and  that  energy  self- 
sufficiency  is  a  realistic  national  goal. 

Annual  water  requirements  for  each  scenario 
were  based  on  the  assumptions  that  19,000  acre-feet 
per  year  per  1,000  megawatts  of  power  would  be  the 
diversion  requirements  for  thermal-electric  genera- 
tion with  consumptive  requirements  of  14,100  acre- 
feet  per  year  and  that  each  standard  250  million 
cubic  feet  per  day  (mcfd)  gasification  plant  would  re- 
quire an  annual  diversion  of  30,000  acre-feet  and  an 


annual  consumption  of  10,000  acre-feet.  The  "base" 
scenario  projects  one  power  plant  in  northeastern 
Wyoming  and  three  power  plants  in  the  Tongue- 
Powder  region  in  Montana.  Both  the 
"most  probable"  and  the  "extensive"  development 
scenarios  also  project  these  four  generation  plants 
as  the  in-region  power  generation  estimate.  In  addi- 
tion, the  "most  probable"  scenario  projects  five 
gasification  plants  in  northeastern  Wyoming  and 
three  gasification  plants  in  the  Tongue-Powder 
region  in  N/lontana.  The  "extensive"  development 
scenario  projects  a  total  of  twenty-four  gasification 
plants;  nine  in  northeastern  Wyoming  and  fourteen 
in  the  Tongue-Powder  region  in  Montana. 

Table  C-1  summarizes  the  water  diversion  and 
depletion  requirements  projected  in  the  NGPRP 
study  for  coal  based  energy  production  for  north- 
eastern Wyoming  and  Tongue-Powder  region  in 
Montana. 

The  NGPRP  projections  include  diversion  re- 
quirements for  gasification  that  are  three  times  the 
consumptive  use  requirements.  Unless  storage 
costs  and  delivery  costs  for  the  water  used  are  very 
small,  it  is  not  very  likely  that  the  water  diverted  for 
this  purpose  will  exceed  the  water  consumed  by 
such  a  substantial  amount.  This  is  also  true  for  the 
large  amounts  of  water  for  thermal-electric  genera- 
tion that  are  projected  to  be  diverted  but  not  con- 
sumed in  the  NGPRP  study. 
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TABLE  C-1. 

PROJECTED  WATER  USE  FOR  COAL  FIRED  ENERGY  PRODUCTION  BY  YEAR  2000  • 

NGPRP  COOPERATIVE  RESOURCES  STUDY. 

Level  of  Development 

Base  Most  probable  Extensive 

Diversion      Depletion      Diversion      Depletion      Diversion      Depletion 

(acre-feet  per  year) 


Northeastern  Wyoming 
Electric  generation 
Gasification 


19,000 
0 


14,100 
0 


19,000 
150,000 


14,100 
50,000 


19,000 
270,000 


14,100 
90,000 


Tongue-Powder,  Montana 

Electric  generation  57,000  42,300 
Gasification                                  0  0 

TOTAL  76,000  56,400 


57,000 
90,000 


42,300 
30,000 


57,000 
420,000 


42,300 
140,000 


316,000  136,400  766,000  386,400 


YELLOWSTONE  IMPACT  STUDY 


Tfie  Yellowstone  Impact  Study,  conducted  by 
tfie  Water  Resources  Division  of  DNRC  and  financed 
by  the  Old  West  Regional  Commission,  was  design- 
ed to  evaluate  the  potential  physical,  biological,  and 
water-use  impacts  of  water  withdrawals  and  water 
development  on  the  middle  and  lower  reaches  of  the 
Yellowstone  River  basin  in  Montana. 

The  study  utilized  the  results  of  the  Northern 
Great  Plains  Resource  Program's  (NGPRP)  National 
Report  and  Regional  Energy  Considerations  Work 
Group  (1974)  and  the  Montana  University  Coal  De- 
mand Study  (MUCDS)  and  other  material  to  project 
four  alternative  futures  for  coal  production  and 
development:  base,  low,  intermediate,  and  high.  The 
base  alternative  is  an  estimate  of  minimum  develop- 
ment, a  preservation  alternative  aimed  at  protection 
of  the  natural  environmental  quality.  This  alternative 
was  considered  to  be  probably  unrealistic  because  it 
assumes  virtually  no  further  coal  production  beyond 
the  1980  level  of  development.  Water  use  projections 
were  therefore  not  made  in  the  study  for  the  base 
alternative. 

The  low  level  of  development  assumes  coal 
development  is  limited  to  Montana  demands  and  the 
supply  of  existing  and  planned  contracts.  Projec- 
tions were  derived  from  data  compiled  by  the 
NGPRP  (1974),  the  Montana  Energy  Advisory  Council 
(1974),  and  companies  currently  planning  coal  pro- 
duction for  export.  Synthetic  fuel  facilities  were  ex- 
cluded before  the  year  2000,  when  it  was  assumed 


that  a  single  250  million  cubic  feet  per  day  synthetic 
natural  gas  plant  would  be  necessary  to  replace  the 
gas  imports  that  Canada  intends  to  phase  out. 

The  intermediate  level  of  development  is  simply 
the  mean  of  the  low  and  high  levels  of  development. 

The  high  level  of  development  assumes  that 
United  States  energy  self-sufficiency  will  be  a  real 
goal,  and  that  there  will  continue  to  be  shortages  of 
oil  and  natural  gas. 

Increases  in  water  depletions  for  energy  were 
estimated  for  the  year  2000  for  the  low,  intermediate, 
and  high  levels  of  development.  This  was  ac- 
complished by  multiplying  estimates  of  water  use  re- 
quirements for  each  type  of  coal  development  pro- 
jected in  Montana  by  2000  by  the  projected  levels  of 
development.  Developments  included  generation, 
gasification, syncrude,  fertilizer,  coal  slurry,  and  strip 
mining. 

Table  C-2  summarizes  the  energy  production 
water  use  projections  of  the  Yellowstone  Impact 
Study.  The  study  did  not  make  any  projections  for 
the  Yellowstone  River  basin  in  Wyoming. 

The  Yellowstone  Impact  Study  high  develop- 
ment scenario  projections  include  58,000  acre-feet 
of  water  used  per  year  for  coal  conversion  to  syn- 
thetic crude  oil  (syncrude)  by  the  year  2000.  The  pre- 
sent level  of  technological  development  in  this  field 
is  such  that  syncrude  production  is  not  likely  by 
2000  without  extensive  government  subsidies. 
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TABLE  C-2. 
INCREASED  WATER  DEPLETIONS  BY  ENERGY  DEVELOPMENT  BY  2000 
YELLOWSTONE  IMPACT  STUDY  (ACRE-FEET  PER  YEAR). 

Level  of  development 

Low  Intermediate  High 


Mid-Yellowstone 

35,180 

75,490 

139,410 

Tongue 

11,450 

46,900 

118,030 

Powder 

860 

18,880 

22,600 

Lower  Yellowstone 

0 

0 

13,000 

TOTAL 


7,490 


141,270 


293,040 


HARZA  ENGINEERING  COMPANY 


The  Harza  Engineering  Connpany  prepared  the 
report  Analysis  of  Energy  Projections  and  Implica- 
tions for  Resource  Requirements  in  December  1976 
for  the  Missouri  River  Basin  Commission's 
Yellowstone  River  Basin  and  Adjacent  Coal  Area 
Level  B  Study  (1978).  Emphasis  was  placed  on  the 
area's  coal  reserves  with  potential  for  large  scale 
mining  and  some  degree  of  coal  conversion.  A  basic 
assumption  of  the  analysis  was  that  the  opportunity 
for  added  hydroelectric  capacity  is  relatively  limited. 

A  model  was  developed  to  provide  a  basis  for 
forecasting  the  possible  level,  type,  and  location  of 
future  energy  development  and  associated  resource 
requirements  under  alternative  energy  policies  and 
programs.  The  Harza  model  is  basically  a  linear  pro- 
gramming model  designed  to  illustrate  the  implica- 
tions of  distinct  scenarios  of  energy  policy  and  pro- 
gram assumptions.  Three  scenarios  were  projected 
for  the  years  1985  and  2000: 

1)  A  low  rate  of  regional  development,  in- 
cluding coal  production  to  meet  only  local 
needs  and  to  cover  exports  already  con- 
tracted or  highly  probable; 

2)  A  most  probable  rate  of  development  consis- 
tent with  national  energy  consumption  and 
production  forecasts;  and 

3)  A  high  rate  of  development  based  on  the 
maximum  contribution  that  the  study  area 
energy  resources  could  reasonably  be  ex- 
pected to  make  in  alleviating  shortages  in 
domestic  nuclear  generation  and  eliminating 
national  reliance  on  imported  oil  and  gas. 

The  location,  amount,  and  type  of  energy 
development  within  the  study  area  was  projected. 
For  the  initial  runs  of  the  model,  an  assumption  was 


made  that  presently  existing  taxation  and  environ- 
ment policies  would  remain  relatively  unchanged  in- 
to the  future.  Overall,  the  objective  in  the  model  was 
to  meet  demands  of  each  scenario  at  the  least  cost 
for  mining,  coal  transportation,  conversion  to  elec- 
tricity, and  electrical  transmission.  The  assumption 
that  institutional,  social,  and  environmental 
obstacles  to  long  distance  slurry  lines  would  be 
removed  in  the  near  future  was  made  for  the  high 
scenario.  It  was  also  assumed  that  beyond  1990, 
rapid  expansion  of  gasification  will  occur,  and  by 
2000  resource  availability,  environmental  concerns 
and  social  preferences  will  act  as  the  primary  con- 
straints. 

The  most  probable  scenario  contains  all  the 
assumptions  as  the  high  scenario  except  that  long- 
distance slurrying  is  precluded. 

The  low  scenario  includes  (1)  that  production 
sufficient  only  to  meet  local  demands  and  exports 
already  guaranteed  or  highly  probable  in  1976;  and 
(2)  that  no  gasification  to  occur  by  the  year  2000. 
Because  this  scenario  has  already  been  exceeded  in 
some  aspects,  it  is  considered  unreasonable  as  a 
projection  for  the  year  2000  and  is  not  presented  in 
this  summary. 

The  Missouri  River  basin  was  divided  into  six 
coal  supply  areas,  five  of  which  lie  in  northeastern 
Wyoming  and  southeastern  Montana.  Table  C-3  sum- 
marizes the  projections  of  the  most  probable  and 
high  scenarios  in  these  five  coal  supply  areas  from 
the  Harza  study. 

All  three  studies  presented  above  project 
gasification  developments.  Such  development  is  not 
likely  to  occur  without  government  subsidies. 
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TABLE  C-3. 

NORTHEASTERN  WYOMING  AND  TONGUEPOWDERLOWER  YELLOWSTONE  REGIONS  OF  MONTANA 

ADDITIONAL  WATER  CONSUMPTION  BY  ENERGY  USE  BY  2000  (ACRE-FEET/YEAR). 


Area  2* 


Area  3 


Area  4 


Area  5 


Area  6 


Total 


Most  probable  development 

Mines 

618 

759 

4,000 

2,569 

69 

8,015 

Reclamation 

2,770 

2,133 

11,240 

3,596 

311 

20,050 

Gasification 

0 

40,014 

0 

31,588 

0 

71,602 

Generation 

394 

0 

17,502 

5,982 

0 

23,878 

Slurry 

0 

0 

0 

0 

0 

0 

TOTAL 


3,782 


42,906 


32,742 


43,735 


380 


123,545 


High  development 
Mines 

Reclamation 
Gasification 
Generation 
Slurry 


602 

4,000 

4,000 

4,000 

69 

12,671 

2,700 

11,240 

1 1 ,240 

5,600 

311 

31,091 

0 

60,021 

0 

53,044 

0 

113,065 

394 

0 

13,804 

5,982 

0 

20,180 

10,851 

73,518 

26,563 

23,314 

0 

134,246 

TOTAL 


14,547 


148,779 


55,607 


91,940 


380 


211,253 


*  Area  2  is  the  lower  Yellowstone  River  basin,  area  3  consists  of  Powder  River  County  and  southern  Custer  County,  area  4  is  southern  Rosebud 
County  and  western  Big  Horn  County,  area  5  is  the  Gillette  area  and  area  6  is  the  Sheridan  area. 
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APPENDIX  D. 
HOUSE  JOINT  RESOLUTION  NO.  23 


A  JOINT  RESOLUTION  OF  THE  SENATE  AND  THE  HOUSE  OF 
REPRESENTATIVES  OF  THE  STATE  OF  MONTANA  REQUESTING 
THE  DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSER- 
VATION TO  DISCUSS  WITH  THE  STATE  OF  WYOMING  AND  THE 
CROW  AND  NORTHERN  CHEYENNE  INDIANS  THE  POSSIBILITY 
OF  JOINT  STUDIES  OF  WATER  SUPPLY  PROJECTS  IN  THE 
TONGUE  AND  POWDER  RIVER  BASINS,  TO  INVESTIGATE 
WATER  MARKETING  POSSIBILITIES  IN  THOSE  BASINS  AND  TO 
CONDUCT  A  SPECIAL  STUDY  ON  WATER  QUALITY  AND  SALINE 
SEEP  POTENTIAL  AS  A  RESULT  OF  INCREASED  STORAGE  AND 
IRRIGATION  IN  THE  TWO  RIVER  BASINS,  AND,  SHOULD  IT  BE 
DETERMINED  THAT  THE  PROJECTS  BE  BENEFICIAL  TO  MON- 
TANA, TO  PURSUE  A  FEASIBILITY  (LEVEL  C)  STUDY  ON  THE 
RECOMMENDED  PROJECT(S). 

WHEREAS,  water  availability  is  a  problem  in  the  Tongue  and  Powder 
River  basins  with  periodic  shortages  existing  under  the  current  develop- 
ment pattern;  and 

WHEREAS,  the  potential  demands  from  both  the  industrial  and  agri- 
cultural sectors  for  firm  water  supplies  exceed  the  available  supply  in 
those  basins;  and 

WHEREAS,  the  waters  of  the  Tongue  and  Powder  Rivers  have  been 
allocated  between  Montana  and  Wyoming  according  to  a  formula  set  forth 
in  the  Yellowstone  River  Compact  and  between  the  Crow  and  Northern 
Cheyenne  Indians. 

NOW,  THEREFORE,  BE  IT  RESOLVED  BY  THE  SENATE  AND  THE 
HOUSE  OF  REPRESENTATIVES  OF  THE  STATE  OF  MONTANA: 

That  the  department  of  Natural  Resources  and  Conservation  is  directed 
to: 

(1)  enter  into  discussions  with  the  State  of  Wyoming  and  the  Crow 
and  Northern  Cheyenne  Indians  on  the  possibility  of  initiating  joint 
studies  on  proposals  for  augmenting  water  supplies  in  the  Powder  and 
Tongue  River  basins; 

(2)  investigate  with  potential  users  water  marketing  possibilities  in 
those  basins; 

(3)  conduct  special  studies  on  water  quality  and  saline  seep  potential 
in  those  basins,  on  the  effects  of  increased  storage  and  irrigation  on  those 
factors,  and  on  aqueduct  system  alternatives  to  storage,  and  should  the 
foregoing  indicate  compatibility,  desirability,  and  need  for  water  storage 
or  delivery  systems,  to  pursue  feasibility  (level  C)  studies  on  storage  or 
aqueduct  projects  that  would  most  benefit  the  citizens  of  the  State  of 
Montana. 

Approved  March  22,  1977. 
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